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Preface

This book presents a compilation of significant technical
data relative to Mariner Mars 1964. Its purpose is to collect,
in one location, a wide variety of statistical information that
would otherwise be scattered throughout a large number of
miscellaneous documents. The information presented here
pertains primarily to the Mariner spacecraft, itself; it does
not include the Launch Vehicle System, the ground support
equipment, the Deep Space Network System, or other areas
of the total Mariner Mars 1964 project.

The primary Mariner Mars 1964 mission is considered in
this book to have ended on October 1, 1965. Historical data
are carried only to that date, although some orbital parame-
ters are projected to 1967 and 1971 in the tables and figures.

It is expected that the user of this handbook will have
some familiarity with the terminology, operational procedures,
and engineering concepts related to an interplanetary space-
craft project and, specifically, to the Mariner Mars 1964 proj-
ect. The handbook's function is more to remind those who
already know than to instruct those who don't.

A list of documents pertaining to the Mariner Mars 1964
mission is included (Table 25) for reference purposes. The
list is complete as of the publication date of this handbook,
but many articles and reports are still being prepared and
will continue to be published for some time to come.



CONTENTS

Absorptivity Standard .......... ... .. ... ...
Acquisition (see Sun Acquisition, Star Acquisition)

Albedo (see Mars)

Alpha Particles (see Scientific Data, Cosmic Ray Telescope)

Altitude . ..o e
Antenna (see High-Gain Antenna, Low-Gain Antenna)

Aphelion (see Orbit Data)

Astronomical Unit (see Orbit Data)

Atmosphere, Martian (see Scientific Data)

Attitude Control ... ... ... ... ... ..
Battery (see Power)

Bays ... e
Bibliography (see Table 25)

Bit Rate ... ... e

Black Space Picture Sequence ..................c.iiiini...
Booster Regulators (see Power)

Canopus Acquisition {see Star Acquisition)

Canopus-Probe-Sun Angles ..............ccuuunrnnennnn,
Canopus Tracker . .... ... ... ..o,
Cavity Amplifier (see Radio)
Celestial Latitude, Mariner IV
Celestial Longitude, Earth ............. .. ... .. ... . .......
Celestial Longitude, Mariner IV
Celestial Longitude, Mars ......... ... ... ... . ... ... .. ... .
Center of Gravity (see Spacecraft)

Central Computer and Sequencer ........................ .. ..
Chronology (see Dates, Event Times)

Clock (see Central Computer and Sequencer)

Clock Angle

Command Subsystem
Commands

Communication Times, One Way ..o
Computer (see Central Computer and Sequencer)

Cone Angle ... .o
Conjunction (see Orbit Data)

Contractors (see Table 24)

Cosmic Dust Detector
Cosmic Ray Telescope
Cost Information
Cover Drop



CONTENTS {Cont'd)

Cruise MO . o\ttt ir e et ii e cnenennnanaanaanennnaes 15 .
0ol 11 SO R TR R R R 16
Data (see Telemetry)

Data Automation Subsystem ...... ... ... i 16
Data Encoder Subsystem .. ........c.ioiiiiiiiiiiiiis 16
Data Modes (see Telemetry)

DAtES ottt et et 16
DC-15 Canopus Gate Override Event ................cooovnnn 18

Deimos (see Mars)
Detectors (see Canopus Tracker, Earth Detector)

DIMENSIONS .« v v et e eeeie et tete e eanneacnnenannanenns 18
Dipole Moment of Earth ....... ... ..o i 19
Dipole Moment of Mars (see Scientific Data)

Distance of Mariner IV from Earth . ... ... ... ... ... ..cout. 19
Distance of Mariner IV from Center of Mars .................... 19
Distance of Mariner IV from Sun ...... .. .. .ot 20
Distance Traveled Along Heliocentic Arc by Mariner IV ............ 21

Documents (see Table 25)
Earth Clock Angle Through 1971 (see Fig. 42)

Earth Detector . ..ovtvit et i e e 22
Earth Dipole Moment ........... .. oo 22
Earth-Probe-Sun Angle . ... ... oo 22
1o 17+ (-3 OO 22

Electrons (see Scientific Data, Trapped Radiation Detector, Cosmic
Ray Telescope)

ENCOUNEr ottt 22
End of MiSSiOn . ...ttt s 23
Engineering Change Requests ........... ... .. ... . iy 23
Environmental Tests .. ... ... it 24
Escape VeloCity ...t 24
Event Times, GMT ... o it e e et 24

Exciters (see Radio)

Experimenters (see Table 7)

Fields and Particles . .......oueiriiniii it 31
Fields of View ... ... ot i it 31
Frequency (see Radio)

Fuel (see Proputsion)

Gas (see Attitude Control)

Gravitational Constant (see Orbit Data)

Greenwich Mean Times of Mission Events (see Event Times)

Gyro Control Subsystem .. ... 32
Helium Magnetometer . ... ... .ot iriniiiiiiiiinnn 32
High-Gain Antenna ... ... . i i e 33

vi



CONTENTS (Cont’d)

Injection (see Event Times)

Instruments, Field and Particles (see Cosmic Dust Detector, Cosmic
Ray Telescope, Helium Magnetometer, lonization Chamber, Solar
Plasma Probe, Trapped Radiation Detector; see also Scientific
Data from Mariner IV, Telemetry)

Interferometer Effect (see Fig. 26)

Investigators (see Table 7)

lonization Chamber . ......... ... ... ... .. ... ... ... .. .. ... 34
Latitude (see Celestial Latitude)

Launch Data for Mariner 11l ... ... . ... ... ... o ... 34
Launch Data for Mariner IV ........................... ... .. 34
Life Tests ... 35
Longitude (see Celestial Longitude)

Look Angles . ... 35
Louvers (see Temperature Control)

Low-Gain Antenna ............ .. ... ... ... 36
Magnetic Fields ........... .. .. .. .o e, 37
Magnetometer (see Helium Magnetometer)

Maneuver Inhibit Sequence ........... ... ... ... .. .. .. .. .. 37
Mariner 11l .o o 37
Mars 38

Mass (see Scientific Data)

Materials (see Spacecraft Structure, Absorptivity Standard)

Measurements (see Scientific Data, Telemetry; see also Cosmic Dust
Detector, Cosmic Ray Telescope, Helium Magnetometer, lonization
Chamber, Solar Plasma Probe, Trapped Radiation Detector, and
Figs. 10-13, 22, and 24-33)

Midcourse Maneuver .. ............. ... ... ... .. 40
Midcourse Motor (see Propulsion)

MT-1 Canopus Cone Angle Update Event .................. . .. .. 42
MT-2 Canopus Cone Angle Update Event ....................... 42
MT-3 Canopus Cone Angle Update Event ........... ... .. .. .. .. 43
MT-4 Canopus Cone Angle Update Event ............... .. ... ... 43
MT-5 Changeover to High-Gain Antenna . .................... . .. 44
MT-6 Changeover to 8% bps .................ovueoeon . 44

MT-7 Event (see Encounter)

MT-8 Event (see Event Times)

MT-9 Event (see Event Times)

Narrow-Angle Acquisition (see Event Times, Narrow-Angle Mars Gate)

Narrow-Angle Mars Gate ........................ ... .. .. . . 45
NASA Quarterly Reviews (see Dates)

Occultation Experiment .............. ... .. ... .. .. . ... 46
Opposition (see Orbit Data)

Orbit Data, Mariner 11 ... . ... ... ... ... .. ... .. .. . . 46
Orbit Data, Mariner IV ... .. ... ... .. ... .. . .. ... . .. . 47

vii



CONTENTS (Cont'd)

Parking Orbit (see Launch Data)

Part Failure Summary (see Table 26)

Parts, Number of (see Spacecraft)

Perihelion (see Orbit Data)

PErSONNEl .ottt
Phobos (see Mars)

Photographs (see Picture Data)

Picture Datd .. voiviiieeiiee e r e e
Planetary Acquisition (see Wide-Angle Acquisition)

Planetary Scan Platform .......... ... i
Plasma Probe (see Solar Plasma Probe)

Post-Injection Propulsion System (see Propulsion)

Power SubsyStem .. ... ..t e
Principal Investigators {see Table 7}

Problem/Failure Reports ........ ..ot
Propulsion System . ...t

Protons (see Scientific Data, Trapped Radiation Detector, Cosmic
Ray Telescope)

Publications (see Table 25)
Pyrotechnics ... .. i e s
Quarterly Reviews, NASA (see Dates)

Radiation (see Cosmic Ray Telescope, lonization Chamber, Scientific
Data from Mariner |V, Trapped Radiation Detector)

37 T T
Range (see Orbit Data)

Receiver (see Radio)

Redundancy (see Table 11)

Reference Designations (see Table 8)

Reliability, Part Failure Summary {(see Table 26)

Reports (see Table 25)

0 LI . - Y
Scan Platform (see Planetary Scan Platform)

Science Subsystem .. ... ... ... e i e
Scientific Data From Mariner IV ... ... ... ... ... ...
Separation (see Event Times)

Solar Energy (see Solar Panels)

Solar Flares (see Scientific Data)

Solar Panels . ...t i e i et e
Solar Plasma Probe ........c.cciiiiiiieinnierennnarennnnns
Solar Radiation (see Solar Panels)

S0lar Vanes . ... .. i i ettt e e
Solar Wind (see Scientific Data, Solar Plasma Probe)

SpaceCraft ... .. . e te e
Spacecraft Structure . ........ ...




CONTENTS (Cont'd)

) Spacecraft Velocity (see Velocity)

Squibs (see Pyrotechnics)

Star Acquisition (see Attitude Control, Canopus Tracker)

Star Map ... e et 71

Subcontractors (see Table 24)

Subsystems (see Attitude Control, Central Computer and Sequencer,
Command, Data Encoder, High-Gain Antenna, Low-Gain Antenna,
Power, Propulsion, Pyrotechnics, Radio, Science, Structure, Tape
Recorder, Temperature Control, Wiring and Cabling)

Sun Acquisition (see Event Times)

Sun-Probe Distance (see Distance from Sun)

UM SBNSOIS vttt it ettt et 71
Tape ReCOrder . ........c.iuiueiei ittt eiaiiannnn. 71
Telemetry ... e e 72
Television Pictures (see Picture Data)

Television Subsystem .. ... ... .o, 74
Temperature Control ..........cciviiininieiiiiiennnannn. 75
T 1 75

Thermal Blanket (see Temperature Control)
Thermal Shields (see Temperature Control)
Thrust (see Propulsion System)
Time Conversion (see Table 2)
Times, GMT (see Event Times)

Time SPaNs ..ttt i et e 76
Timing (see Central Computer and Sequencer)

Trajectory (see Orbit Data) ............... ... ... .. ... ...... 77
Transponder (see Radio)

Trapped Radiation Detector ...............ccovuinirnnnn... 77
Traveling Wave Tube Amplifier (see Radio)

Traveling Wave Tube Amplifier Changeover .................... 78

Velocity at Encounter (see Fig. 38)
Velocity Periodically During Flight (see Table 3)

Velocity of Mariner IV Relative to Earth ...................... 79
Velocity of Mariner IV Relative to Mars ....................... 79
Velocity of Mariner IV Relative to Sun ........................ 80

Vendors (see Table 24)
Video Storage Subsystem (see Tape Recorder)
Voltage Controlled Oscillator (see Radio)

Weight . e e, 80
Wide-Angle Acquisition ....... . ... ..., 80
Wiring and Cabling ......... ... i, 80



TABLES
1. Chronological reference: date and day of mission ............ 81
2. Time conversion guide . ........ ..o .t 85
3. Mariner IV ranges and velocities during mission ............ 86
4. Earth and spacecraft positions, October 1965 through
December 1967 ...\t 89
8. Picture data . ... i e 94
6. Picture playback data ... ....... ... .. i 95
7. List of scientific investigators ... ... . ... .. .. i 97
8. Unit reference designations . ....... ... ... .. oo 98
9. Electrical components ... ...... .. ... i 103
10, Weights ... s 104
11. Redundant items on Mariner IV ... ... ... ... ... .. ... ... 105
12. Types of environmental tests ........................... 107
13. Assembly level environmental test requirements ............ 110
14. System level environmental test requirements .............. 112
15. Subsystem environmental test summary ................... 114
16. System leve! environmental test summary ................. 114
17. Performance comparison between TA and FA vibration and
vacuum-temperature tests . ... ... ... 115
18. Spacecraft tests .. ... ... .. . 115
19. Telemetry channel assignments ......................... 116
20. Time between telemetry samples ........................ 126
21. List of ground commands . .......... ... 127
22. Description of ground commands ........................ 129
23. Description of central computer and sequencer commands ... ... 132
24. Contractors and major subcontractors .................... 134
25. Related documents . ......... ... ... .. i 140
26. Part hour-and-failure summary ......... ... .. ... ..., 152
FIGURES
1. Mariner Mars 1964 spacecraft: (a) Top View, (b) Bottom View
2. Spacecraft mechanical configuration
(a) Top view, solar panels extended ...................... 154
(b) Side view, solar panels folded ....................... 155
(c) Top and bottom views . ....... ... .. i 156
3. Attitude control gas jet configuration .................... 157
4. Clock- and cone-angle descriptive diagram ................. 158
5. Planetary scan platform relative look angles, shown with
platform in pinned position ............. .. ... .. ... .. ... 159
6. High-gain antenna look angles during flight ................ 160
7. High-gain antenna beam widths: (a) Major pattern axis,
(b} Minor pattern axis ..........c.iiiiririii ., 161
8. Canopus cone angle updated diagram ..................... 162
9. Star acquisition diagram . ........ .. ..o il 163
10. Absorptivity standard: white sample temperature history ...... 164

A



FIGURES (Cont'd)

- Absorptivity standard: black sample temperature history . ... ..
. Absorptivity standard: aluminum silicone samgle temperature

history ..o

. Absorptivity standard: polished aluminum sam\pie temperature

history ... N

. Video recording timing sequence

. Command format ........... ... ... ... ... . ... ...,
. Data automation system real-time format ............... ...
. Data automation system real-time science telemetry format ... .
. Data automation system encounter timing .................
. Data automation system non-real-time sequencing at narrow-angle

aCqUISIION .. ..

. Locations of photographed portions of Martian surface ........
. Data encoder telemetry commutation .....................
. Quantity of telemetry measurements vs time ................
- Covs launch period ........... .. ... ...,
. Central computer and sequencer clock frequency error vs

time error ...

. Attitude control gas weight vs time ................. ... ..
- Received carrier power vs time, showing interferometer effect . .
. Solar panel power capability vs time .....................
. Solar panel temperature vs time ....................... .
. Solar intensity vs time ........ ... ... ... .. ... . ... ... ..
. lonization chamber temperature vs time ..................
. Propulsion-system nitrogen temperature vs time ............
. Lower ring temperature vs time ............. ... . ... .. ...
- Cosmic dust impacts vs range ................. ... ... ..
- Distance traveled along heliocentric arc vs time ............
. Pre- and post-encounter trajectory, ecliptic view ............
- Aiming zones: (a) Aiming point diagram, (b) Trajectories at Mars . .
- Near-Mars - trajectory parameters .................... .. ..
. Encounter velocities and attitudes

- Barth cone angle, 19651971 ............. ... ... ... .
- Barth clock angle, 19651971 ............... .. .. ... . . . .

- Spacecraft distance from Mars, 1965-1971 ......... ... .. ...
- Spacecraft celestial longitude, 1965-1968 .............. ...
- Canopus cone angle, 1965-1968 ............... ... ... . .

Xi



ABSORPTIVITY STANDARD

reference designation of subsystem
reflective properties (a/¢)
aluminum silicone sample
black sample
polished aluminum sample
white sample
resistors, number of in each sample
samples
number of
types of

surfaces
aluminum silicone sample
black sample
polished aluminum sample
white sample
temperature
history (see Figs. 10 through 13)
measurement accuracy
steps measured per sample
weight

ACQUISITION (see Sun Acquisition, Star Acquisition)

ALBEDOQ (see Mars)

11FM1

0.89
1.04
5.0
0.28
13

4

black, white,
aluminum silicone,
polished aluminum

UC11659
Cat-a-lac
aluminum
ARF-2

within 0.2 °F
12
approx. 1 lb

ALPHA PARTICLES (see Scientific Data, Cosmic Ray Telescope)

ALTITUDE
above Mars at closest approach
above Mars during encounter sequence
(see Fig. 39)
above Earth and Mars during mission
(see Table 3)

above Mars at closest approach prior to
midcourse maneuver

ANTENNA (see High-Gain Antenna, Low-Gain Antenna)
APHELION (see Orbit Data)

ASTRONOMICAL UNIT (see Orhit Data)

9,846.6 km
6,118.4 mi

249,452 km
155,009 mi



ATMOSPHERE, MARTIAN (see Scientific Data)

ATTITUDE CONTROL (see also Canopus Tracker,
Earth Detector, Gyro Control System, Solar
Vanes, Solar Sensors)
electrical components, number of (see Table 9)
electronics, location of
flight nozzle thrust levels {at 15 psi)

pitch and yaw

roll

gas

consumption near Earth

consumption near Mars

lifetime remaining at end of mission

pressure vessel, diameter

pressure vessel designed nitrogen capacity
(2 each)

pressurization in vessels

weight at launch
weight at end of mission
weight consumed during mission
weight vs time (see Fig. 26)
gas jets
number of
location of (see Fig. 3)

gas valve
response time to open
response time to close
valve inlet pressure
gyro operation time after Canopus sensor
acquires an object
pitch and yaw
deadband (observed)
rate increment (observed)
reference designations of subassemblies
(see Table 8)
roll
commanded roll searches, number
performed (DC-21)
deadband observed
rate increment, observed
roll searches, total number performed
roll transients, total number observed
from DC-15 to encounter

2

A

1397
Bay VII

232 x10%1Ib
390 x 10%1Ib

0.00376 Ib/day
0.00338 Ib/day
3.16 yr

g in.

250 b
2500 psi + 300 psi
«r 70°F
5.18 1b
4.08 1b
1.10 b

5 msec
5 msec
15 psi

200 sec

+8.6 mrad
+18.4 urad/sec

15

+4.5 mrad
+14.0 urad/sec
25

40



ATTITUDE CONTROL (Cont'd)
roll rate
magnetometer calibration
Canopus search
star acquisition diagram (see Fig. 9)
star acquisition sequences
first sequence

after aborted midcourse maneuver

after successful midcourse maneuver

after loss of Canopus
after loss of Gamma Velorum
thrust levels (see flight nozzle, above)
weight, subsystem
BATTERY (see Power)
BAYS, SUBSYSTEM LOCATIONS IN
attitude control and central computer and
sequencer
data encoder and command subsystem
power
power regulator and battery
propulsion
RF communications
RF communications (transmitter)
RF communications {receiver) and tape
recorder
scientific equipment and data automation
system
BIBLIOGRAPHY (see Tabie 25)
BIT RATE
capability

at launch

changeover to 8-1/3 bps {(see MT-6)
BLACK SPACE PICTURE SEQUENCE

date

time

day of flight

communication time (one way)

Earth—probe—Sun angie

3.5 mrad/sec
2.0 mrad/sec

Markab, Regulus,
Naos, Gamma
Velorum, Canopus
5 non-Canopus
stars, Regulus,
Naos, Canopus
Gamma Velorum,
Canopus

Gamma Velorum
Canopus

63.29 Ib

Bay Vil
Bay IV
Bay |
Bay Vill
Bay I
Bay Vi
Bay V

Bay il

33-1/3 and
8-1/3 bps
33-1/3 bps

30 Aug 1965
20:30:00

275

15 min 56 sec
33.4 deg



BLACK SPACE PICTURE SEQUENCE (Cont'd)

©

Canopus—probe—Sun angle
spacccraft celestial longitude
spacecraft celestial lattitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Mars
spacecraft distance from Sun
distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
commands sent, number of

pictures recorded, number of
pictures played back, number of

BOOSTER REGULATORS (see Power)

CANOPUS ACQUISITION (see Attitude Control,

Canopus Tracker)

CANOPYS—PROBE--SUN ANGLE

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence

end of mission

from end of mission through 1971 (see Fig. 47)

CANOPUS TRACKER

cone angle at launch (preset)
cone angle change increment
cone angle limits

77.6 deg

248.8 deg

0.95 deg

336.4 deg
251.7 deg
274,250,430 km
170,419,217 mi
17,846,073 km
11,089,036 mi
235,311,890 km
146,222,808 mi
614,017,547 km
381,614,386 mi
80,469.2 mph
10,370.4 mph
48,310.2 mph
1

10-1/2

5

102.2 deg
103.1 deg
103.5 deg
104.1 deg
101.4 deg
99.3 deg
98.5 deg
94.5 deg
89.8 deg
85.3 deg
82.2 deg
776 deg
75.3 deg

100.2 deg
4.6 deg
75 to 105 deg



CANOPUS TRACKER (Cont'd)

cone angle updates (see also MT-1, MT-2,
MT-3, MT-4 major headings)

MT-1 (27 February 1965)

MT-2 (2 April 1965)

MT-3 (7 May 1965)

MT-4 (10 June 1965)

Option 1, DC-17 (27 August 1965)
electrical components, number of
electron aperture dimensions
field of view

cone direction

clock direction

excursion of cone field of view
focal length
high-gate limit

high voltage value at Canopus intensity

light level required for 0.04 X Canopus

linear range

null accuracy

power required

reference designation of unit

roll search rate of spacecraft for star
acquisition

scale factor

sensitivity threshold

speed
effective
geometric
weight

CAVITY AMPLIFIER (see Radio)
CELESTIAL LATITUDE, MARINER IV

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event
MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update
MT-5 changeover to high-gain antenna
MT-2 Canopus cone angle update
MT-3 Canopus cone angle update
MT-4 Canopus cone angie update
closest approach

95.7 deg

91.1 deg

86.5 deg

82.0 deg

77.8 deg

289

0.160 x 0.012 in.

11 deg

4 deg

34 deg

0.8 in.

8 X Canopus
brightness

1000 v

0.21 ftc

+0.85 deg

0.125 deg

145w

7CS8

0.116 deg/sec

8 v/deg +20%

0.04 x Canopus
brightness

f/1.0
f/0.6
530 1b

1.31 deg
3.22 deg
421 deg
7.63 deg
0.12 deg
0.13 deg
0.13 deg
0.12 deg
0.10 deg
7.23 deg
4.56 deg



CELESTIAL LATITUDE, MARINER 1V {(Cont'd)

black space picture sequence

end of mission

from end of mission through 1966 (see Table 4}
through 1971 (see Fig. 40)

CELESTIAL LONGITUDE, EARTH

L :

injection

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence

end of mission

from end of mission through 1966 (see Table 4)

CELESTIAL LONGITUDE, MARINER IV

injection

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence

end of mission

from end of mission through 1966 (see Table 4)
through 1971 (see Fig. 46}

CELESTIAL LONGITUDE, MARS

launch

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

0.95 deg
1.5 deg

66.4 deg
73.6 deg
81.6 deg
85.9 deg
103.0 deg
142.4 deg
158.8 deg
164.8 deg
192.6 deg
226.8 deg
263.2 deg
292.4 deg
336.4 deg
7.6 deg

66.4 deg

74.3 deg

83.0 deg

87.6 deg

105.0 deg
140.0 deg
152.5 deg
156.9 deg
175.2 deg
195.0 deg
213.8 deg
227.8 deg
248.8 deg
263.4 deg

124.4 deg
127.5 deg
131.0 deg
132.9 deg



CELESTIAL LONGITUDE, MARS (Cont'd)

MT-6 changeover to 8-1/3 bps 140.3 deg
cover drop event 157.3 deg
MT-1 Canopus cone angle update 164.4 deg
MT-5 changeover to high-gain antenna 167.0 deg
MT-2 Canopus cone angle update 179.4 deg
MT-3 Canopus cone angle update 195.1 deg
MT-4 Canopus cone angle update 212.9 deg
closest approach 227.8 deg
black space picture sequence 251.7 deg
end of mission 269.6 deg

CENTER OF GRAVITY (see Spacecraft)
CENTRAL COMPUTER AND SEQUENCER

basic timing frequency output 384 ke
central clock oscillator
frequency 307.2 ke
frequency error during flight (see Fig. 25)
frequency stability +0.01% @ —10
to +75°C
command descriptions (see Table 20)
commands
launch phase L-1 through L-3
midcourse maneuver phase M-1 through M-7
cruise phase MT-1 through MT-9
midcourse maneuver turn timing T™M2-B
cyclic, every 66-2/3 hr CY-1
commands, number of 21
cyclics, number of as of end of mission 111
electrical components, number of (see Table 9) 2574
frequency outputs 38.4 ke, 1 pulse/
66-2/3 hr
location on spacecraft Bay Vil
operation time, preiaunch 650 hr

operating temperature range (FA temperatures) 14 to 167°F
power required (2.4-kc square wave)
during boost 11w
during cruise 55w
reference designations of subassemblies
(see Table 8)
voltages required for operation
input (2.4-kc square wave) 50 v ac +20%
internal dc voltages 65 vdc +20%,
28 vdc +20%,
16 vdc +20%



CENTRAL COMPUTER AND SEQUENCER (Cont’d)

weight (see also Table 10)

CHRONOLOGY (see Dates, Event Times)

L 8

CLOCK (see Central Computer and Sequencer)
CLOCK ANGLE

explanation of (see Fig. 4)
Earth clock angle through 1971 (see Fig. 43)

CLOSEST APPROACH TO MARS (see also Encounter)

date

day of flight

time

communication time (one way)
Earth—probe—Sun angle
Canopus—probe-Sun angle
spacecraft celestia! longitude
spacecraft celestial lattitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

distance traveled along heliocentric arc
spacecraft distance from center of Mars
spacecraft altitude above Martian surface
spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

COMMAND SUBSYSTEM

command bit rate

command format (see Fig. 15)
Jocation on spacecraft

number of bits per command word
number of direct commands (DC)

electrical components, number of (see Table 9)

number of quantitative commands (QC)

11.38 Ib

15 Jul 1965
228

01:00:58

12 min, 1.5 sec
39.4 deg

82.2 deg

227.8 deg

4.56 deg

292.4 deg
227.8 deg
216,303,650 km
134,411,080 mi
232,500,420 km
144,475,760 mi
524,373,100 km
325,900,000 mi
13,200.6 km
8,202.4 mi
9,846.6 km
6118.4 mi
66,732.4 mph
11,379.0 mph
47,479.1 mph

COGNIZANT ENGINEERS AND SCIENTISTS (see Personnel)

1 bps

2787
1



COMMAND SUBSYSTEM (Cont’d)

number of significant bits per DC command 9
number of significant bits per QC command 26
power required, nominal <250 w

reference designations of subassemblies
(see Table 8)

subsystems using commands
attitude control 8
central computer and sequencer (includes

QC commands) 4
data automation system 2
data encoder 6
power 4
pyrotechnic 5
radio 6
video storage 1
total (Note: some commands have
multiple destinations) 36
weight (see Table 10) 10.12 Ib
COMMANDS
command descriptions (see Tables 21 and 22)
number of commands sent as of end of mission
total 79
QC commands (Note: QC1-1, -2, and -3 are
considered as one QC command) 3
DC commands 76
to establish first Canopus lock 3
during aborted midcourse maneuver 5
to reestablish Canopus lock 10
during midcourse maneuver 4
to reestablish Canopus lock 2
during changeover to traveling wave tube
amplifier 1
during Canopus gate override event 1
during cover drop event 12
during encounter 11
to reestablish cruise mode after picture
playback 3
during aborted black space picture
sequence 12
during maneuver inhibit sequence
for final (optional) cone angle update 1
during black space picture sequence and
playback 11

to end mission 1



COMMANDS (Cont'd)

number of commands sent, by function

DC-2

DC-3

DC-4

DC-7

DC-12
DC-13
DC-14
DC-15
DC-16
DC-17
DC-21
DC-22
DC-24
DC-25
DC-26
DC-27
DC-28
DC-29

—

memhwuaur\:.—-r\:wuu-—-wr\:

command sequences (Note: repetitive transmissions

are not shown)

to establish or reestablish Canopus lock

aborted midcourse maneuver

midcourse maneuver

changeover to traveling wave tube
amplifier

Canopus gate override event

cover drop event

encounter

return to cruise mode after picture

playback

aborted black space picture sequence

maneuver inhibit sequence
final (optional) cone angle update

DC-21

Qc-1, DC-29, DC-14,
DC-27, DC-13,
DC-21

QC-1, DC-29, DC-14,
DC-27, DC-21

Dc-7

DC-15

DC-3, DC-2, DC-26,
DC-2, DC-28,
DC-25, DC-24,
DC-28, DC-3,
DC-2, DC-26,
DC-2

DC-25, DC-24, DC-3,
DC-16, DC-26,
DC-2

DC-28, DC-26, DC-2

DC-25, DC-28,
DC-26, DC-2

DC-13, QC-1

DC-17



COMMANDS (Cont'd)

command sequences {cont'd)
black space picture sequence and playback DC-25, DC-3, DC-24,

DC-16, DC-2,
DC-26, DC-22,
DC-4, DC-28,
DC-26, DC-2
end of mission DC-12
Mariner 11l commands
number of DC commands sent 11

number of QC commands sent

COMMUNICATION (see also Radio, Telemetry)

world record for communication distance set at
end of mission 307,342,393 km
191,014,539 mi
66-million mile communication record exceeded 29 Apr 1965

COMMUNICATION TIMES, ONE WAY

midcourse maneuver 3.35 sec
changeover to traveling wave tube amplifier 13.8 sec

DC-15 Canopus gate override event 17.7 sec

MT-6 changeover to 8-1/3 bps 33.2 sec

cover drop event 1 min, 29 sec
MT-1 Canopus cone angle update 2 min, 7 sec
MT-5 changeover to high-gain antenna 2 min, 25 sec
MT-2 Canopus cone angle update 4 min, 0 sec
MT-3 Canopus cone angle update 6 min, 31 sec
MT-4 Canopus cone angle update 9 min, 34 sec
closest approach 12 min, 1.5 sec
maneuver inhibit sequence 15 min, 40 sec
black space picture sequence 15 min, 56 sec
end of mission 17 min, 6 sec

COMPUTER (see Central Computer and Sequencer)

CONE ANGLE (see Figs. 4 and 8)

Canopus cone angle during flight (see Canopus—
Probe-Sun Angle)

Canopus cone angle through 1971 (see Fig. 47)

Earth cone angle through 1971 (see Fig. 42)

update events (see MT-1, MT-2, MT-3, MT-4,
major headings)

update mechanics (see Canopus Tracker)

CONJUNCTION (see Orbit Data)
CONTRACTORS (see Table 24)



COSMIC DUST DETECTOR

detection levels, number of 8
distance beyond Earth’s orbit at peak activity ~ approx. 58
million km
approx. 36
million mi

electrical components, number of (see Table 9) 721
equivalent sensitivity

detection of particles with masses >10" gm
at velocities of >2 km/sec
look angles
cone direction 90 and 270 deg
clock direction 90 and 270 deg
microphone threshold 6 =07
X 10-* dyne sec
particle momentum, minimum measurable 1.96 x 10°° dyne sec
plate dimensions 22 X 22 cm
power required 0.23 w
reference designation of instrument 24A1
scientific results (see Scientific Data)
sensors, number of 2
spacecraft celestial longitude at period of peak
activity 190 deg
thickness of plate 0.030 in.
time of peak activity during flight 40 days before
encounter
total number of hits recorded (to end of
mission) approx. 235
weight (see Table 10) 210 1b

COSMIC RAY TELESCOPE
counting rate

detector D, approx. 3
counts/sec
double coincidence rate approx. 1.8
counts/min
triple coincidence rate approx. 2.5
counts/min
electrical components, number of (see Table 9) 1196
electron penetration >40 kev

Mariner IV is tested in the Jet Propulsion
Laboratory space simulator before being
committed to launch.

©






COSMIC RAY TELESCOPE {Cont'd)

field of view, detectors D, and D,

geometrical factor, detector D.
look angle, cone direction
maximum operating temperature of detectors
measurement ranges
protons and alpha particles

alpha particles
noise level
number of detectors
power required
reference designation of instrument
scientific results (see Scientific Data)
surface area of detectors D, and D.
surface area of detector D,
weight (see Table 10)
window thickness, al detectors

COST INFORMATION

{NOTE: JPL costs include current plans for FY 66 and Fy 67. Data do
not include possible 1967 reacquisition. Launch vehicle and
DSN support estimates are provided by NASA. Information
included here js not absolutely precise, due to varying cost

14

collection methods.)

Spacecraft, operational support equipment,
operations, data reduction, analyses, and

reports (including $83.8 million to JPL and
$0.6 million to GSFC and other Centers for

scientific experiments and analyses).
launch vehicles (Lewis Research Center)

Note: The cost of GSFC launch operations,
non-JPL AFETR operations, and
applicable non-procurement expenses
at other Centers are not known.

DSN support, tracking, and operations (Office

of Tracking and Data Acquisition estimate)

total mission cost

cost per mile to end of mission; $125 million/
418,749,386 mi

cost per data bit; $125 million/325.5 million
bits (assuming 7 bits/measurement)

cost per measurement; $125 million/46.5
million measurements

20 deg half-angle
cone

4 cm? sterad

180 deg

50°C

1to 170
Mev/nucleon

>180 Mev/nucleon

30 kev

3

0.598 w

21A1

24 cm?
5 cm?
2.58 b
500

$84.4 million
$25.1 million
$15.5 million
$125.0 million
<30¢

<39¢
<$2.69



COVER DROP

date 11 Feb 1965
day of flight 75
time 03:29:29 to
10:49:35
communication time (one way) 1 min 29 sec
Earth-probe—Sun angle 13.2 deg
Canopus—probe—Sun angle 101.4 deg
spacecraft celestial longitude 140.0 deg
spacecraft celestial lattitude 0.12 deg
Earth celestial longitude 142.4 deg
Mars celestial longitude 157.3 deg
spacecraft distance from Earth 26,608,046 km
16,534,239 mi
spacecraft distance from Sun 173,451,360 km
107,782,670 mi
spacecraft distance from Mars 98,233,187 km
61,039,272 mi
distance traveled along heliocentric arc 203,333,481 km
126,372,580 mi
spacecraft velocity relative to Earth 16,146.5 mph
spacecraft velocity relative to Mars 32,593.7 mph
spacecraft velocity relative to Sun 64,646.3 mph
number of commands sent 12
command sequence {see Commands)
total time for exercise 7 hr, 20 min, 6 sec

CRUISE MODE

mode designation Data Mode 2
engineering measurements, number per data
frame 140

scientific measurements, number per data frame 280

interruptions of cruise mode
midcourse maneuver, 5 December 1964 1 hr, 41 min

cover drop, 11 February 1965 7 hr, 20 min

encounter, 14-15 July 1965 2 hr, 21 min

picture playback, 15 July to 3 August 1965 15 hr, 54 min
pictures of black space, 30 August to

2 September 1965 9 hr, 19 min
total cruise mode interruption time (to
end of mission) 36 hr, 35 min

total time in cruise mode (to end of mission) 7,338 hr
time between data samples (see Table 20)



CYCLICS

first event seen in data (29 November 1964)
frequency of cyclic events

last event seen in data {1 October 1965)
total number of cyclic events

DATA (see Telemetry)

DATA AUTOMATION SUBSYSTEM

electrical components, number of (includes 382
components in analog/pulse width
converters; see Table 9}

location on spacecraft

power required
average cruise
average encounter
peak encounter

reference designations of subassemblies
(see Table 8)

telemetry format (see Figs. 16 through 19)

weight (see Table 10)

DATA ENCODER SUBSYSTEM

bits, number of in binary word outputs

commutator channels, number of

electrical components, number of (see Table 9)

location on spacecraft

power required

reference designations of subassemblies
(see Table 8)

telemetry commutation (see Fig. 22)

telemetry format (see Telemetry)

time between samples (see Table 20)

weight (see Table 10)

DATA MODES (see Telemetry)

DATES (see also Event Times, Time Spans)
first consideration of a Mariner Mars mission
official go-ahead received from NASA
NASA quarterly review of project
NASA quarterly review of project
blanket freeze on entire spacecraft design
NASA quarterly review of project
first use of project P-List

"

16:59:10

every 66-2/3 hr
06:39:58

111

13,727
Bay Il

6.5w
56w
80w

11.78 Ib

100
7413
Bay IV
52w

2243 Ib

14 May 1962
5 Nov 1962
14 Aug 1963
14 Nov 1963
6 Jan 1964
25 Feb 1964
6 May 1964



DATES (see also Event Times, Time Spans) (Cont'd)

NASA quarterly review of project 18 May 1964
occultation experiment approved 15 Jun 1964
NASA Headquarters review 23 Jul 1964
Mariner 11 shipped to AFETR 23 Aug 1964
NASA Headquarters review 25 Aug 1964
Mariner IV shipped to AFETR 10 Sept 1964
President Johnson's visit to AFETR 15 Sept 1964
NASA launch readiness review 7 Oct 1964
Mariner 111 launch 5 Nov 1964
begin all-metal shroud effort 11 Nov 1964
first all-metal shroud flown to AFETR 22 Nov 1964
Mariner IV mated to Agena D 24 Nov 1964
Mariner IV launch 28 Nov 1964
first Canopus acquisition 30 Nov 1964
first midcourse maneuver attempt 4 Dec 1964
midcourse maneuver 5 Dec 1964
solar plasma probe failure 6 Dec 1964
changeover to traveling wave tube amplifier 13 Dec 1964
DC-15 Canopus gate override event 17 Dec 1964
MT-6 changeover to 8-1/3 bps 3 Jan 1965
Sun-spacecraft opposition (to within 1 deg) 28 Jan 1965
cover drop event 11 Feb 1965
NASA quarterly review of project 23 Feb 1965
MT-1 Canopus cone angle update 27 Feb 1965
MT-5 changeover to high-gain antenna 5 Mar 1965
ionization chamber failure 17 Mar 1965
MT-2 Canopus cone angle update 2 Apr 1965

66-million mile communication record exceeded 29 Apr 1965
position in space farther from Sun than any
other live spacecraft reached

(132.7 million miles) 4 May 1965
MT-3 Canopus cone angle update 7 May 1965
NASA quarterly review of project 25 May 1965
MT-4 Canopus cone angle update 14 June 1965
encounter with Mars 15 Jul 1965
picture playback start 15 Jul 1965
end of first picture playback sequence 24 Jul 1965
second picture playback sequence start 24 Jul 1965
White House press conference and awards 29 Jul 1965
NASA quarterly reveiw of project 2 Aug 1965
end of second picture playback sequence 3 Aug 1965
aborted biack space picture sequence 21 Aug 1965
maneuver inhibit sequence 26 Aug 1965

aphelion of heliocentric orbit 26 Aug 1965



DATES (see also Event Times, Time Spans) (Cont’d)
option 1 Canopus cone angle update (DC-17)
black space picture sequence
return to Data Mode 2 after black space pictures
end of mission (DC-12)

NASA quarterly review of project
maximum Earth-spacecraft range
Sun—spacecraft conjunction
perihelion of heliocentric orbit
first completed trip around Sun
aphelion of heliocentric orbit
Sun—spacecraft opposition
closest approach to Earth
perihelion of heliocentric orbit

DC-15 CANOPUS GATE OVERRIDE EVENT
date
day of flight
time
communication time (one way)
Earth—-probe-Sun angle
Canopus—probe-Sun angle
spacecraft celestial longitude
spacecraft celestial lattitude
Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars
distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

DEIMOS (see Mars)
DETECTORS (see Canopus Tracker, Earth Detector)

DIMENSIONS

spacecraft height, overall
spacecraft span with solar panels extended
width of octagon (at points)

’

27 Aug 1965
31 Aug 1965
2 Sept 1965
1 Oct 1965
28 Oct 1965
3 Jan 1966
1 Apr 1966
5 Jun 1966
6 Jun 1966
22 Mar 1967
15 Aug 1967
8 Sept 1967
25 Dec 1967

17 Dec 1964
19

17:30:00

17.7 sec

51.8 deg

103.5 deg

87.6 deg

4.21 deg

85.9 deg

132.9 deg
5,300,071 km
3,293,464 mi
150,353,950 km
93,429,944 mi
177,567,240 km
110,335,170 mi
56,295,412 km
34,987,826 mi
6,957.5 mph
54,338.0 mph
73,181.5 mph

95 ft
22.5 ft
54.5 in.



MT-4 Canopus cone angle update
closest approach
black space picture sequence

end of mission

from end of mission through 1966 (see Table 4)
from end of mission through 1971 (see Fig. 41)

at 1967 closest approach, 8 September 1967

launch
midcourse maneuver

changeover to traveling wave tube amplifier

DIPOLE MOMENT OF EARTH 8.06 x 10*
gauss/cm®
DIPOLE MOMENT OF MARS (see Scientific Data)
DISTANCE OF MARINER IV FROM EARTH
weekly intervals during flight (see Table 3)
midcourse maneuver 2,022,244 km
1,256,622 mi
changeover to traveling wave tube amplifier 4,158,654 km
2,584,188 mi
DC-15 Canopus gate override event 5,300,071 km
3,293,464 mi
MT-6 changeover to 8-1/3 bps 9,914,631 km
6,160,952 mi
cover drop event 26,608,046 km
16,534,239 mi’
MT-1 Canopus cone angle update 38,281,029 km
23,787,831 mi
MT-5 changeover to high-gain antenna 43,383,627 km
26,958,585 mi
MT-2 Canopus cone angle update 73,300,692 km
45,549,050 mi
MT-3 Canopus cone angle update 117,544,150 km
73,041,934 mi

172,429,480 km
107,146,670 mi
216,303,650 km
134,401,000 mi
274,250,430 km
170,419,217 mi
307,415,414 km
191,059,922 mi

46,946,445 km
29,172,521 mi

DISTANCE OF MARINER IV FROM CENTER OF MARS (see also Altitude)

208,700,000 km
130,000,000 mi
197,286,320 km
122,588,040 mi
184,427,040 km
114,597,650 mi

19



DISTANCE OF MARINER IV FROM CENTER OF MARS (Cont'd)

DC-15 Canopus gate override event
MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update
MT-5 changeover to high-gain antenna
MT-2 Canopus cone angle update
MT-3 Canopus cone angle update
MT-4 Canopus cone angle update
closest approach

black space picture sequence

end of mission

from end of mission through 1971 (see Fig. 45)

DISTANCE OF MARINER IV FROM SUN

20

weekly intervals during flight (see Table 3)
launch

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

177,567,240 km
110,335,170 mi
151,243,810 km
93,978,547 mi
98,233,187 km
61,039,272 mi
80,185,156 km
49,824,746 mi
74,165,511 km
46,084,312 mi
50,357,019 km
31,290,400 mi
28,830,578 km
17,914,490 mi
11,808,201 km
7,337,276 mi
13,200.6 km
8,202.4 mi
17,846,073 km
11,089,036 mi
31,148,769 km
19,359,086 mi

149,599,660 km
92,961,228 mi
148,215,700 km
92,101,235 mi
149,486,790 km
92,891,091 mi
150,353,950 km
93,429,944 mi
155,536,560 km
96,650,418 mi
173,451,360 km
107,782,670 mi
182,045,500 km
113,123,074 mi
185,229,220 km
115,101,437 mi



DISTANCE OF MARINER IV FROM SUN (Cont'd)
MT-2 Canopus cone angle update 199,543,810 km
123,996,524 mi
214,853,380 km
133,509,890 mi
226,861,550 km
140,971,760 mi
232,500,420 km
144,475,760 mi
235,311,890 km
146,222,808 mi
233,262,008 km
144,973,280 mi
from end of mission through 1966 (see Table 4)
from end of mission through 1971 (see Fig. 44)

DISTANCE TRAVELED ALONG HELIOCENTRIC ARC BY MARINER 1V

MT-3 Canopus cone angle update
MT-4 Canopus cone angle update
closest approach

btack space picture sequence

end of mission

(see also Fig. 35)
midcourse maneuver

changeover to traveling wave tube amplifier

DC-15 Canopus gate override event
MT-6 changeover to 8-1/3 bps
cover drop event

MT-1 Canopus cone angle update
MT-5 changeover to high-gain antenna
MT-2 Canopus cone angle update
MT-3 Canopus cone angle update
MT-4 Canopus cone angle update
closest approach

black space picture sequence

end of mission

in one complete revolution around Sun

from end of mission through 1966 (see Table 4)

24,875,140 km

15,460,000 mi

44,971,252 km

27,949,815 mi

56,295,412 km

34,987,826 mi

103,651,827 km
64,420,029 mi

203,333,481 km
126,372,580 mi
244,773,888 km
152,127,960 mi
256,593,103 km
159,473,650 mi
319,883,118 km
198,808,650 mi
392,994,369 km
244,247,588 mi
468,615,715 km
291,246,560 mi
524,373,100 km
325,900,000 mi
614,017,547 km
381,614,386 mi
673,767,762 km
418,749,386 mi
1,241,738,400 km
771,745,432 mi



DOCUMENTS (see Table 25}
EARTH CLOCK ANGLE THROUGH 1971 (see Fig. 43)

EARTH DETECTOR

field of view

cone direction

clock direction
look angle, cone direction
reference designation of instrument
sensitivity threshold

EARTH DIPOLE MOMENT

EARTH—-PROBE—SUN ANGLE

midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event

MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update

MT-5 changeover to high-gain antenna

MT-2 Canopus cone angle update

MT-3 Canopus cone angle update

MT-4 Canopus cone angle update

closest approach

black space picture sequence

end of mission

from end of mission through 1971 (see Fig. 42)

ECLIPTIC
celestial lattitude of spacecraft through 1971
(see Fig. 40)
inclination of spacecraft heliocentric orbit to
ecliptic, pre-encounter
inclination of spacecraft heliocentric orbit to
ecliptic, post-encounter (see Fig. 40

ELECTRONS (see Scientific Data, Trapped Radiation
Detector Cosmic Ray Telescope)

ENCOUNTER (see also Closest Approach)
date
day of flight
start of encounter sequence (DC-25)

83 deg
26 deg

0 deg
7ED6
0.001 ft-c

8.06 x 10
gauss/cm*

65.8 deg
56.8 deg
51.8 deg
30.8 deg
13.2 deg
24.9 deg
28.2 deg
38.2 deg
42.6 deg
42.0 deg
39.4 deg
33.4 deg
28.3 deg

0.12 deg

2.540 deg

14-15 Jul 1965
228
14:27:55



ENCOUNTER {Cont'd)

commands
number sent 11
sequence of (see major heading, Commands)
orbit parameters (see Ciosest Approach)
sequence of events (see Event Times)
total time for event (first command to exit

occultation) 12 hr, 57 min, 11 sec

END OF MISSION

date 1 Oct 1965
day of flight 307
time of DC-12 command transmission 21:30:17
effect of DC-12 command observed on Earth 22:05:07
communication time (one way) 17 min, 6 sec
Earth—probe—Sun angle 28.3 deg
Canopus—probe—Sun angle 75.3 deg
spacecraft celestial longitude 263.4 deg
spacecraft celestial latitude 1.5 deg
Earth celestial longitude 7.6 deg
Mars celestial longitude 269.6 deg
spacecraft distance from Earth 307,415,414 km
191,059,922 mi
spacecraft distance from Sun 233,262,008 km
144,973,280 mi
spacecraft distance from Mars 31,148,769 km
19,359,086 mi
distance traveled along heliocentric arc 673,767,762 km
418,749,386 mi
spacecraft velocity relative to Earth 90,499 mph
spacecraft velocity relative to Mars 10,748 mph
spacecraft velocity relative to Sun 48,810 mph
number of commands sent 1 (DC-12)
duration of flight 7,375 hr, 25 min,
22 sec

ENGINEERING CHANGE REQUESTS
mechanical subsystems

attitude control 127
central computer and sequencer 32
command 19
cosmic dust detector 10
cosmic ray telescope 13
data automation subsystem 32
data encoder 38

23



ENGINEERING CHANGE REQUESTS {(Cont'd)
mechanical subsystems {cont’d)

helium magnetometer
ionization chamber
operational support equipment
planetary scan subsystem
power
post-injection propulsion
pyrotechnics
radio
solar plasma probe
tape recorder
television
thermal control
trapped radiation detector
wiring and cabling

system level

total

105
155
1159

ENVIRONMENTAL TESTS (see also Tables 12 through 17)

design changes resulting from subsystem
flight-acceptance tests, number of

design changes resulting from subsystem
type-approval tests, number of

environmental test waivers granted

part failures resulting from subsystem
flight-acceptance tests, number of

part failures resulting from subsystem
type-approval tests, number of

ESCAPE VELOCHTY
Earth
Mariner IV
Mars

EVENT TIMES, GMT (see also Time Spans)

Launch of Mariner ill, 5 November 1964
liftoff
violent spacecraft shock observed
Atlas booster engine cutoff
Atlas booster separation
Atlas sustainer engine cutoff
Atlas vernier engine cutoff
Shroud ejection (unsuccessful}

12

36
69

19

16

25,005 mph
25,598 mph
11,250 mph

19:22:04
19:23:48
19:24:18
19:24:21
19:27.07
19:27:25
19:27:27



EVENT TIMES, GMT (Cont’d)
Launch of Mariner 111, 5 November 1964

Atlas/Agena separation 19:27:29
Agena first burn ignition 19:28:19
Agena first burn cutoff 19:30:46
Agena second burn ignition 19:54.05
Agena second burn cutoff 19:55:01
Agenay/spacecraft separation 19:58:23
DC-15 transmitted 23:06:02
Gyros off 23:12:09
DC-25 transmitted 23:21:23
DC-26 transmitted 23:29:05
science instruments off 23:32:00
QC1-1 transmitted 23:51:58
QCI-1 transmitted 23:57:58
QC1-1 transmitted, 6 November 1964 00:00:00
QC1-2 transmitted 00:01:30
QC1-3 transmitted 00:03:00
DC-27 transmitted 00:05:00
DC-29 transmitted 00:08:00
DC-13 transmitted 00:14:00
DC-1 transmitted 00:38:41
DC-28 transmitted 02:37:25
QC1-1 transmitted 03:28:03
QC1-2 transmitted 03:30:25
QC1.-3 transmitted 03:32:35
DC-27 transmitted 03:25:27
DC-14 transmitted 03:45:00
DC-19 transmitted 03:45:55
last telemetry received 04:05:55
Launch of Mariner IV, 28 November 1964
liftoff 14:22:01
Atlas booster engine cutoff 14:24:15
Atlas booster separation 14:24:17
Atlas sustainer engine cutoff 14:27:00
Atlas vernier engine cutoff 14:27:18
shroud ejection 14:27:21
Atlas/Agena separation 14:27:23
Agena first burn ignition 14:28:14
Agena first burn cutoff 14:30:39
Agena second burn ignition 15:02:53
Agena second burn cutoff (injection) 15:04:28
Agena/spacecraft separation 15:07:10
solar panels deployed 15:15:00
Sun acquisition start 15:19:02

Sun acquisition complete 15:30:57



EVENT TIMES, GMT (Cont'd)

first Canopus acquisition, 30 November 1964 11:02:47
first midcourse maneuver attempt, 4 December 1964

QC1-1 transmitted 13:05:00
QC1-2 transmitted 13:10:00
QC1-3 transmitted 13:15:00
DC-29 transmitted 13:45:00
DC-14 transmitted 14:05:00
DC-27 transmitted 14:35:00
DC-13 (stop maneuver) transmitted 14:47:31
first DC-21 transmitted 15:22:00
last DC-21 transmitted 23:58:00
Canopus acquired, 5 December 1964 00:02:44
second midcourse maneuver attempt, 5 December 1964
QC1-1 transmitted 13:05:00
QC1-2 transmitted 13:10:00
QC1-3 transmitted 13:15:00
DC-29 transmitted 13:45:00
DC-14 transmitted 14:05:00
DC-27 transmitted 14:25:00
end of motor burn 16:09:30
Sun acquisition started 16:15:11
Sun acquisition completed 16:21:07
Gamma Velorum acquired 16:47:56
DC-21 transmitted 16:52:00
Canopus acquired 16:58:19

changeover to traveling wave tube amplifier,
13 December 1964

DC-7 transmitted 14:09:00
traveling wave tube amplifier operation
observed 14:10:38

DC-15 Canopus gate override event,

17 December 1964 17:30:00
MT-6 changeover to 8-1/3 bps,

3 January 1965 (Earth time) 16:59:54
cover drop event, 11 February 1965

DC-3 transmitted 03:29:29

DC-2 transmitted 03:36:13

DC-26 transmitted 03:53:15

DC-2 transmitted 04:15:51

Mavriner 1V is launched from Cape Kennedy on
November 28, 1964 at 14:22:01 GMT. Thc. Iamwh
vehicle is an Atlas D/Agena D combination.

-
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EVENT TIMES, GMT (Cont'd)
cover drop event, 11 July 1965

DC-28 transmitted 04:32:39
DC-25 transmitted 06:54:43
DC-24 transmitted 08:59:23
DC-28 transmitted 09:13:51
DC-3 transmitted 09:30:56
DC-2 transmitted 10:21:20
DC-26 transmitted 10:27:08
DC-2 transmitted 10:49:35

*MT-1 Canopus cone angle update,
27 February 1965 (see MT-1, MT-2, MT-3,

MT-4 major headings) 17:02:19
*MT-5 changeover to high-gain antenna,
5 March 1965 13:02:37

*MT-2 Canopus cone angle update, 2 April 1965

(see MT-1, MT-2, MT-3, MT-4 major

headings) 14:25:15
*MT-3 Canopus cone angle update, 7 May 1965

(see MT-1, MT-2, MT-3, MT-4 major

headings) 14:28:15
*MT-4 Canopus cone angle update, 14 June 1965

(see MT-1, MT-2, MT-3, MT-4 major

headings) 15:51:45
encounter, 14 July 1965
Station 51 command lock 13:34:00
DC-25 transmitted 14:27:55
DC-25 received at spacecraft 14:40:32.8
DC-25 observed in data 14:52:31
MT-7 (spacecraft time) 15:41:48.9
MT-7 verified 15:53:49
DC-24 transmitted 17:10:18
DC-24 received at spacecraft 17:22:55
DC-24 verified in data 17:34:55
Goldstone (11) acquisition, one-way 19:37:23
two-way RF transfer from Station 51 to
Station 11 20:10

DSIF 51 end of track 20:53:01
DSIF 11 command modulation turn on 21:00:30
DC-3 transmitted 22:10:29
DC-3 received at spacecraft 22:23:07

*Shows time that event was seen on Earth
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EVENT TIMES, GMT (Cont'd)
encounter, 14 July 1965

DC-3 verified in data 22:35:08
wide angle acquisition (spacecraft time) 23:42:00.3
wide angle acquisition seen in data 23:54:42
DC-16 transmitted, 15 July 1965 00:11:57

narrow angle acquisition, spacecraft time  00:17:21.1
DSIF 12 switched to rubidium standard

No. 2 00:22:15
DC-16 received at spacecraft 00:24:36
narrow angle acquisition seen in data 00:29:22.5
first DAS start tape command seen in

data 00:30:31
first end-of-tape signal at spacecraft 00:30:54.3
DC-26 transmitted 00:31:42
DC-2 number 1 transmitted 00:32:40
false end-of-tape signal seen on Earth 00:34:31.7
DC-16 verified in data 00:36:37
DC-2 number 2 transmitted 00:37:00
false end-of-tape signal seen on Earth 00:40:24.5
DC-2 number 3 transmitted 00:42:00
first end-of-tape signal seen on Earth 00:42:55.7

tape recorder stopped, spacecraft time 00:43:45.1
data encoder switched to Mode 2, spacecraft

time 00:43:45.1
DC-26 received at spacecraft 00:44:21.5
DC-2 number 4 transmitted 00:47:00
DC-2 number 5 transmitted 00:52:00
Mode 2 data seen on Earth 00:55:46.6
DC-26 verified in data 00:56:23.0
DC-2 number 6 transmitted 00:57:00
time of closest approach 01:00:57
DSIF 42 rise 01:44:00
DSIF 11 command modulation turn-off 01:55:30
enter occultation, spacecraft time 02:19:11
end of signal on ground 02:31:12
exit occultation, spacecraft time 03:13:04
exit occultation verified in data 03:25:06
pickup signal at Station 41 03:25:29
pickup signal at Station 42 03:25:47
MT-8, spacecraft time 05:01:49
MT-8 observed on Earth 05:13:52
MT-9, spacecraft time 11:41:49.8
MT-9 observed on ground 11:53:53.3
Mode 4, spacecraft time 12:49:54

first picture signal received 13:01:58



EVENT TIMES, GMT (Cont'd)

picture playback sequence (see Table 6)
return to cruise mode, 3 August 1965
DC-28 transmitted
DC-26
DC-2
DC-28 received at spacecraft
DC-26 received at spacecraft
DC-2 received at spacecraft
DC-28 seen in data
DC-26 seen in data
DC-2 seen in data
maneuver inhibit sequence, 26 August 1965
DC-13 transmitted
QC1-1 transmitted
DC-13 received at spacecraft
QC1-2 transmitted
QC1-1 received at spacecraft
QC1-3 transmitted
DC-13 verified in data
QC1-2 received at spacecraft
QC1-1 verified in data
QC1-3 received at spacecraft
QC1-2 verified in data
QC1-3 verified in data
option 1 Canopus cone angle update,
27 August 1965
DC-17 transmitted
DC-17 received at spacecraft
DC-17 verified in data
Canopus cone angle update verified
black space picture sequence, 30 August 1965
DC-25 transmitted
DC-25 received at spacecraft
DC-25 verified in data
DC-3 transmitted
DC-3 received at spacecraft
DC-3 verified in data
DC-24 transmitted
DC-24 received at spacecraft
DC-24 verified in data
DC-16 transmitted
DC-16 received at spacecraft
DC-2 transmitted, 31 August 1965
DC-16 verified in data
DC-2 received at spacecraft

03:08:33
03:14:33
03:20:33
03:22:37
03:28:37
03:34:37
03:36:02
03:42:02
03:48:02

21:06:52
21:15:16
21:22:32
21:23:40
21:30:56
21:32:04
21:37:42
21:39:20
21:46:06
21:47:44
21:54:32
22:02:54

19:40:00
19:55:30
20:11:01
20:28:30

20:30:00
20:45:56
21:01:33
21:10:24
21:26:20
21:41:53
22:48:38
23:04:29
23:21:00
23:35:26
23:51:22
00:05:00
00:06:52
00:20:15



EVENT TIMES, GMT (Cont'd)

black space picture sequence, 30 August 1965

Mode 2 data observed on Earth
DC-2 verified in data
DC-26 transmitted
DC-22 transmitted
DC-26 received at spacecraft
DC-22 received at spacecraft
DC-26 verified in data
DC-22 verified in data
DC-4 transmitted
DC-4 received at spacecraft
Mode 1 data observed on Earth
start of picture number 1
return to cruise mode after black space
pictures, 2 September 1965
DC-28 transmitted
DC-26 transmitted
DC-2 transmitted
DC-28 received at spacecraft
DC-26 received at spacecraft
DC-2 received at spacecraft
DC-28 verified in data
DC-26 verified in data
Mode 2 data observed on Earth
end of mission, 1 Octoher 1965
| DC-12 transmitted
loss of signal

EXCITERS (see Radio)

EXPERIMENTERS (see Table 7)

FIELD AND PARTICLES
experiments, number of
experimental results (see Scientific Data)
principal investigators (see Table 7)

FIELDS OF VIEW

| Canopus tracker
‘ cone direction
clock direction
cosmic ray telescope

00:33:05
00:36:50
00:44:00
00:49:00
00:59:56
01:04.56
01:15:14
01:19:33
01:25:00
01:40:57
01:56:16
02:00:46

06:17:00
06:23:00
06:29:00
06:33:05
06:39:05
06:45:05
06:48:32
06:54:32
07:00:32

21:30:17
22:05:07

11 deg

4 deg

20 deg half-angle
cone
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FIELD OF VIEW (Cont'd)
Earth detector
cone direction
clock direction
narrow-angle Mars gate
planetary scan wide-angle sensor
Sun gate

high-gain antenna (see major heading
High-Gain Antenna)
solar plasma probe

television camera
trapped radiation detectors

FREQUENCY (see Radio)

FUEL (see Propulsion)

GAS (see Attitude Control)

GRAVITATIONAL CONSTANT (see Orbit Data)

GYRO CONTROL SUBSYSTEM

gyros, number of

input angle storage capability
operating temperature range

power required

reference designation of subsystem
weight (see Table 10)

HELIUM MAGNETOMETER
dynamic range
electrical components, number of (see Table 9)
intervals between consecutive simultaneous—
triaxial observations in one 50.4-sec data
frame, at 8-1/3 bps

noise threshold

power required

reference designations of subassemblies
(see Table 8)

resolution of telemetered magnetic data

scientific results (see Scientific Data)

| -

83 deg

26 deg

25 x 1.5deg

48.5 deg cone

2.2 deg half-angle
cone

30 deg half-angle
cone

1.05 x 1.05 deg

30 deg half-angle
cone

GREENWICH MEAN TIMES OF MISSION EVENTS (see Event Times)

3

6 deg

85 to 130°F
18w

7A2

10.87 b

+360 vy
802

6.0 sec, 3.6 sec,
9.6 sec, and
31.2 sec

0.1 y rms/axis

730 w

0.35 y per axis



HELIUM MAGNETOMETER (Cont'd)

polarization
reference designation of subsystem
reflector material

sensitivity threshold <0.25
sensors, number of 3
weight (see Table 10) 6.77 b
HIGH-GAIN ANTENNA

angle of antenna to Canopus tracker optical

axis (measured in XY plane) 259 deg
back radiation —20 to 125 db
beam patterns (see Fig. 7)
beamwidth at —3 db, major axis of pattern 15 to 16 deg
beamwidth at —3 db, minor axis of pattern 12 to 13 deg
beamwidth at first null, major axis of pattern 36 deg
beamwidth at first null, minor axis of pattern 20 deg
depth of parabola 8 in.
distance of feed from parabolic vertex 16 in.
ellipse major axis length 46 in.
ellipse minor axis length 21.2 in,
ellipticity on axis, 2116 Mc 6.5 db
ellipticity on axis, 2298 Mc 0.6 db
fundamental resonant frequency 120 cps
look angle of boresight

cone direction 38 deg

clock direction 259 deg
orientation with respect to Earth (see Fig. 6)
peak gain at 2116 Mc 21.8 db
peak gain at 2298 Mc 233 db

right-hand circular
2E1
aluminum honey-

comb
variation from true parabolic surface 0.040 in. = 0.007
wavelength
VSWR, 2116 Mc 122 to 1
VSWR, 2298 Mc 11410 1
weight of antenna and support truss 444 b
weight of parabolic reflector 2.05

INJECTION (see Event Times)

INSTRUMENTS, FIELD AND PARTICLES (see Cosmic Dust Detector,
Cosmic Ray Telescope, Helium Magnetometer, lonization
Chamber, Solar Plasma Probe, Trapped Radiation
Detector; see also Scientific Data from Mariner IV, Telemetry)
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INTERFEROMETER EFFECT (see Fig. 27)
INVESTIGATORS (see Table 7)

IONIZATION CHAMBER

diameter of shell 5 in.
electrical components, number of {see Table 9) 361
Geiger-Mueller tube failure date 6 Feb 1965
measurement ranges
electrons >0.5 Mev
protons >10 Mev
« particles >40 Mev
potential between fiber and collector 310v
power required 0.460 w
pressure of argon inside shell 4 atm
reference designation of instrument 26A1
scientific results (see Scientific Data)
sensors, number of 2
temperature variation during flight (see Fig. 31)
thickness of steel shell 0.010 in.
weight (see Table 10) 2.90 b

LATITUDE (see Celestial Latitude)
LAUNCH DATA FOR MARINER III (see also Event Times)

Agena D serial number 6931

Atias D serial number 289D

date of launch 5 Nov 1964
launch azimuth 102.9 deg
launch complex 13

parking orbit coast time 23 min, 18 sec

LAUNCH DATA FOR MARINER IV (see also Event Times)

Agena D serial number 6932

Atlas D serial number 288D

C. vs launch window (see Fig. 24)

launch azimuth 91.4 deg
launch complex 12

launch date 28 Nov 1964
parking orbit coast time 32 min, 14 sec
spacecraft—Agena separation velocity approx. 2 ft/sec
spacecraft velocity at injection, nominal 25,598 mph
time from liftoff to injection 42 min, 27 sec
time from liftoff to spacecraft separation 45 min, 9 sec
time of injection, 28 November 1964 15:04.28

.



LIFE TESTS

total life test hours
attitude control electronics
attitude control gyros and gyro electronics
battery (5 units in test)

Canopus sensor (2 units in test)

central computer and sequencer
(2 units in test)

command subsystem
cosmic dust detector
data automation system (2 units in test)

data encoder

Earth detector

helium magnetometer

ionization chamber

jet vane actuators

narrow-angle Mars gate

planetary scan subsystem

power subsystem

pyrotechnic control assembly

radio subsystem

scan actuator, dampers, science cover
latch actuator

solar plasma probe

solar pressure control assembly

sun sensors

television subsystem

trapped radiation detector

LONGITUDE (see Celestial Longitude)

LOOK ANGLES (see also Fig. 5

Canopus tracker
clock direction
cone direction

cosmic dust detector
cone direction
clock direction

9,346 hr
9,816 hr
6,540 hr
2,112 hr
6,192 hr
5,496 hr
4,800 hr
4,736 hr
5,062 hr

10,395 hr
2,360 hr
9,285 hr
3,502 hr
3,780 hr
2,790 hr
8,982 hr
9,268 hr
6,752 hr
7,009 hr
6,820 hr
8,210 hr
4,418 hr
8,638 hr
7,892 hr
4216 hr

4,320 hr
3,976 hr
4,950 hr
7,765 hr
2,722 hr
7,009 hr

0 deg
75 to 105 deg

90 and 270 deg
90 and 270 deg
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LOOK ANGLES (Cont'd)

cosmic ray telescope, cone direction
Earth detector, cone direction
high-gain antenna

cone direction

clock direction
narrow-angle Mars gate

cone direction

clock direction

plasma probe
cone direction
clock direction
Sun gate, cone direction
Sun sensors, cone direction
trapped radiation detector
clock direction, all detectors
cone direction, detector A
cone direction, detectors A, B, and C
television camera
cone direction
clock direction

wide angle acquisition sensor
cone direction
clock direction

LOUVERS (see Temperature Control)

LOW-GAIN ANTENNA
ellipticity on axis, 2116 Mc
ellipticity on axis, 2298 Mc
ground plane diameter
peak gain at 2116 Mc
peak gain at 2298 Mc
polarization

reference designation of subsystem
VSWR, 2116 Mc
VSWR, 2298 Mc
waveguide
inside diameter of
length of
thickness of tubing
weight, antenna and support structure

©

180 deg
0 deg

38 deg
259 deg

120.10 deg
camera direction
+0.10 deg

10 deg

190 deg

0 deg

0 and 180 deg

169 deg
135 deg
70 deg

120.00 deg
116.35 to
296.35 deg

119.70 deg
camera direction
+24 deg

4.3 db

2.1db

7 in.

6.4 db

5.4 db

right-hand
circular

2€2

l4tol

13tol

3.875 in.
88 in.
0.025 in.
387 1b



MAGNETIC FIELDS

Mars (see Scientific Data)

solar panel magnetic measurements
magnetometer X axis
magnetometer Y axis
magnetometer Z axis

spacecraft magnetic fields, without solar panels

magnetometer X axis
magnetometer Y axis
magnetometer Z axis

MAGNETOMETER (see Helium Magnetometer)

MANEUVER INHIBIT SEQUENCE

date

time

day of flight

communication time, one way
Earth—probe-Sun angle
Canopus-probe—Sun angle
spacecraft celestial longitude
spacecraft celestial lattitude
tarth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
number of commands sent
command sequence

MARINER 111

date shipped to AFETR

launch data (see Launch Data, Time Spans)

launch date
launch events (see Event Times)
orbital information (see Orbit Data)

0y
-16 vy

+5y
+115y
+31.7 v

26 Aug 1965
21:06:56

271

15 min, 40 sec
34.0 deg

77.9 deg

247.0 deg

0.9 deg

332.5 deg
249.6 deg
269,664,180 km
167,561,550 mi
235,326,760 km
146,225,270 mi
16,253,118 km
10,099,219 mi
79,225.6 mph
10,308.5 mph
48,306.5 mph
2

DC-13, QC-1

23 Aug 1964

5 Nov 1964
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MARS

38

albedo, average
atmosphere

celestial longitudes (see Celestial Longitudes,
Mars)

data resulting from Mariner IV flight (see
Scientific Data)

day, length (in Earth hours)

Deimos

angle between camera pointing direction
and Deimos during picture taking

closest distance to spacecraft
direction of revolution
distance from center of Mars
inclination of orbit to Mars equator
period of revolution
size

density, mean

density relative to Earth

diameter, mean (nominal)
diameter relative to Earth
distance from Earth

minimum, closest approach

maximum

maximum closest approach distance
distance from Sun

minimum

maximum

mean distance
escape velocity

escape velocity relative to Earth
gravity relative to Earth
inclination of equatorial plane to orbital plane

intensity of sunlight on surface relative to Earth

mass of Sun <+ mass of Mars
W. de Sitter (1938)
E. K. Rabe (1949)
H. C. Urey (1952)
Mariner IV (preliminary)
mass relative to Earth
North Pole tilt during encounter, direction of

0.15
10 gm/cm?
4.1t07.0 mb

24 hr, 37 min,
22.62 sec

6 deg
14,000 km
east to west
14,600 mi
1.6 deg
30 hr, 18 min
6-mi diam
3.96 gm/cm*
0.71 (71% of
Earth’s)
4200 mi
0.536

34,600,000 mi
248,000,000 mi
61,000,000 mi

128,200,000 mi
154,500,000 mi
141,500,000 mi
3.2 mi/sec
11,520 mph
0.449

0.38 (38%)
25.2 deg

0.43 (43%)

3,085,000 +5000
3,110,000 +7700
3,079,000 6000
3,098,600 +3000
0.107

toward Earth



MARS (Cont’d)

- opposition dates 9 Mar 1965
15 Apr 1967
31 May 1969
10 Aug 1971
25 Oct 1973
orbital data
orbital eccentricity 0.093
orbital inclination to ecliptic 1.85 deg
period of orbit
Earth days 686.98
Martian days 669
orbital velocity relative to Sun, average 15 mi/sec
54,000 mph
Phobos

angle between camera pointing direction
and Phobos during picture taking 13 deg

closest distance to spacecraft 1500 km
direction of revolution west to east
distance from center of Mars 5,800 mi
inclination of orbit to Mars equator 1.1 deg
period of revolution 7 hr, 39 min
size 10-mi diam
radius of Mars
prior to encounter 3378 km
2099 mi
uncertainty in pre-encounter radius 50 to 75 km
seasons, average length of (in Earth days)
spring 199 days
summer 183 days
autumn 147 days
winter 158 days
season locations during encounter
northern hemisphere summer
southern hemisphere winter
subsolar point, location of at encounter 153 deg N
latitude
surface area relative to Earth 0.25

MASS (see Scientific Data)
MATERIALS (see Spacecraft Structure, Absorptivity Standard)
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MEASUREMENTS (see Scientific Data, Telemetry; see also Cosmic

Dust Detector, Cosmic Ray Telescope, Helium Magnetometer,
lonization Chamber, Solar Panel Probe, Trapped Radiation

Detector, and Figs. 1013, 23, and 25-34)
MIDCOURSE MANEUVER (see also Event Times)

date
time

day of flight

communication time (one way)
Earth—probe-Sun angle
Canopus—probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars
distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun
number of commands sent
total time for event
computed ideal parameters

pitch turn

roll turn

motor burn time

velocity increment
commanded parameters

pitch turn

roll turn

motor burn time

velocity increment

5 Dec 1964

13:05:00 to
16:21:07

7

3.35 sec

65.8 deg

102.2 deg

74.3 deg

1.31 deg

73.6 deg

127.5 deg

2,022,244 km

1,256,622 mi

148,215,700 km

92,101,235 mi

197,286,320 km

122,588,040 mi

24,875,140 km

15,460,000 mi

7,050 mph

59,396 mph

74,150 mph

6

3 hr, 16 min, 7 sec

—39.23 deg
+156.08 deg
20.0666 sec
16.7049 m/sec

—39.16 deg
+156.06 deg
20.06 sec
16.699 m/sec

Watching . .. listening . . . waiting .. . as
Mavriner 1V approaches the planet Mars
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MIDCOURSE MANEUVER (Cont’d)

spacecraft actual performance*
pitch turn
roll turn
motor burn time
velocity increment

flight angle correction

MIDCOURSE MOTOR (see Propulsion)

MT-1 CANOPUS CONE ANGLE UPDATE EVENT

date

day of flight

time

cone angle setting
communication time (one way)
Earth—probe—Sun angle
Canopus—probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars
distance traveled along heliocentric arc
spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-2 CANOPUS CONE ANGLE UPDATE EVENT

date

day of flight

time

cone angle setting
communication time (one way)
Earth-probe—Sun angle
Canopus—probe—Sun angle

*Based on orbit determinations made in April 1965

42

—39.63 deg
+156.62 deg
20.06 sec
17.085 m/sec

or 38.2 mi/hr
1/4 deg

27 Feb 1965
91

17:02:19

95.7 deg

2 min, 7 sec
24.9 deg

99.3 deg

152.5 deg

0.13 deg

158.8 deg
164.4 deg
38,281,029 km
23,787,831 mi
182,045,500 km
113,123,074 mi
80,185,156 km
49,824,746 mi
244,773,888 km
152,127,960 mi
21,231.3 mph
27,494.4 mph
61,787.3 mph

2 Apr 1965
125
14:25:15
91.1 deg
4 min

38.2 deg
94.5 deg



MT-2 CANOPUS CONE ANGLE UPDATE EVENT (Cont'd)

spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars

distance traveled along heliocentric arc
spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-3 CANOPUS CONE ANGLE UPDATE EVENT

date

day of flight

time

cone angle setting
communication time (one way)
Earth—probe-Sun angle
Canopus—probe—Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars

distance traveled along heliocentric arc
spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-4 CANOPUS CONE ANGLE UPDATE EVENT

date

day of flight

time

cone angle setting

175.2 deg

0.12 deg

192.6 deg
179.4 deg
73,300,692 km
45,549,050 mi
199,543,810 km
123,996,524 mi
50,357,019 km
31,290,400 mi
319,883,118 km
198,808,650 mi
32,703.7
19,0600
56,373.6

7 May 1965
160

14:28:15

86.5 deg

6 min, 31 sec
42.6 deg

89.8 deg

195.0 deg

0.10 deg

226.8 deg
195.1 deg
117,544,150 km
73,041,934 mi
214,853,380 km
133,509,890 mi
28,830,578 km
17,914,490 mi
392,994,369 km
244,247,588 mi
32,703.7 mph
13,367.4 mph
51,998.1 mph

14 jun 1965
198
15:51:45
82.0 deg
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MT-4 CANOPUS CONE ANGLE UPDATE EVENT (Cont'd)
communication time (one way)
Earth—probe-Sun angle
Canopus—probe—Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial fongitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars
distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity refative to Mars
spacecraft velocity relative to Sun

MT-5 CHANGEOVER TO HIGH-GAIN ANTENNA
date
day of flight
time
communication time (one way)
Earth—probe—~Sun angle
Canopus—probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude
Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars

distance traveled along heliocentric arc
spacecraft velocity relative to Earth

spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-6 CHANGEOVER TO 8-1/3 bps
date
day of flight

y

9 min, 34 sec
420 deg

85.3 deg

213.8 deg

7.23 deg

263.2 deg
212.9 deg
172,429,480 km
107,146,670 mi
226,861,550 km
140,971,760 mi
11,808,201 km
7,337,276 mi
468,615,715 km
291,246,560 mi
56,174.8 mph
10,374.4 mph
48,751.0 mph

5 Mar 1965

97

13:02:37

2 min, 25 sec
28.2 deg

98.5 deg

156.9 deg

0.13 deg

164.8 deg
167.0 deg
43,383,627 km
26,958,585 mi
185,229,220 km
115,101,437 mi
74,165,511 km
46,084,312 mi
256,593,103 km
159,473,650 mi
23,242.1 mph
25,788.7 mph
60,764.2 mph

3 Jan 1965
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MT-6 CHANGEOVER T0 8-1/3 bps (Cont’d)
. " time

communication time (one way)
Earth—probe-Sun angle
Canopus—probe-Sun angle
spacecraft celestial longitude
spacecraft celestial latitude

Earth celestial longitude

Mars celestial longitude

spacecraft distance from Earth

spacecraft distance from Sun
spacecraft distance from Mars
distance traveled along heliocentric arc

spacecraft velocity relative to Earth
spacecraft velocity relative to Mars
spacecraft velocity relative to Sun

MT-7 EVENT (see Encounter)

MT-8 EVENT (see Event Times)

MT-9 EVENT (see Event Times)

16:59:54

33.2 sec

30.8 deg

104.1 deg
105.0 deg

7.63 deg

103.0 deg
140.3 deg
9,914,631 km
6,160,952 mi
155,536,560 km
96,650,418 mi
151,243,810 km
93,978,547 mi
103,651,827 km
64,420,029 mi
7,710.5 mph
47,319.7 mph
71,146.8 mph

NARROW-ANGLE ACQUISITION (see Event Times, Narrow-Angle

Mars Gate)
NARROW-ANGLE MARS GATE

electrical components, number of
field of view
focal length
lens diameter
look angle (see also Fig. 35)
cone direction
clock direction

operating temperature

power required

reference designation of instrument
scan limits, clock angle

size
subsystem weight
Sun rejection angle

NASA QUARTERLY REVIEWS (see Dates)

9

2.5 X 1.5 deg
1.5 in.

0.5 in.

120.10 deg
camera direction
+0.10 deg

—30 to 55°C

0.03 w

7 MG1

116.45 to 296.45
deg

1 in. diam X 4 in.

0.16 Ib

22 deg off axis



OCCULTATION EXPERIMENT
enter occultation
time at spacecraft (15 July 1965)
time observed on Earth
point of entrance

Mars time at point of entrance
altitude above Mars

height of ionosphere at point of entrance

exit occultation
time at spacecraft (15 July 1965)
time observed on Earth
point of emergence

Mars time at point of emergence
altitude above Mars

range rate accuracy
scientific results (see Scientific Data)

OPPOSITION (see Orbit Data)

ORBIT DATA, MARINER It
aphelion distance

closest approach to Mars
distance of

date of

time of
orbital period around Sun
perihelion distance

| -

02:19:11
02:31:12
55-deg S
latitude
177-deg E
longitude
afternoon

22,433 km
13,942 mi

100 to 200 km
62 to 75 mi

03:13:04
03:25:06
60-deg N
latitude
34-deg W
longitude
just before
sunrise

35,916 km
22,322 mi

0.005 ft/s

196,119,120 km
121,868,420 mi

67,374,294 km
41,866,386 mi

15 Apr 1965
20:17:51
448.7 days

147,081,040 km
91,396,158 mi



ORBIT DATA, MARINER IV
* aphelion
dates of

distance of

spacecraft velocity relative to Sun
celestial parameters
astromical unit
pre-launch

pre-encounter, 10 July 1965
post encounter

radius of Mars used for orbit determination

sofar radiation constant used in orbit
determinations

universal constant of gravitation used in
orbit determinations

celestial position (see also Table 4)
celestial latitude of spacecraft through
1971 (see Fig. 40)

nearest approach of spacecraft to
Earth—Sun line on dark side (angle
viewed from Earth)

Sun-spacecraft conjunction
Sun-spacecraft opposition

closest approach to Mars (see also major heading,
Closest Approach to Mars)
altitude above Mars

altitude above Mars, prior to midcourse
maneuver

date of
distance from center of Mars

time of

26 Aug 1965
22 Mar 1967
235,331,000 km
146,228,000 mi
48,500 mph

149,598,500 km
92,960,507 mi

149,599,660 km
92,961,228 mi

not yet
determined

3,378 km
2,099 mi

103,100,000
kg-km x 10°/sec*

0.6671 x 10-*
km®/kg sec

within 1 deg
1 Apr 1966

28 Jan 1965
15 Aug 1967

9,846.6 km
6,118.4 mi

249,452 km
155,009 mi

15 Jul 1965

13,200.6 km
8,202.4 mi

01:00.57
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ORBIT DATA, MARINER IV (Cont'd)
Earth—spacecraft range (see also Tables 3 and 4)

maximum range 348 million km
216 miilion mi

maximum range, date of 3 Jan 1966

minimum range, after encounter 46,946,445 km
29,172,521 mi

heliocentric orbit
date of first completed trip around Sun 6 Jun 1966
eccentricity of 0.1732
inclination to ecliptic, before encounter 0.1288 deg
inclination to ecliptic, after encounter

{see Fig. 40 2540 deg
inclination to Mars orbit 58.19 deg
longitude of ascending node 226.75 deg
orbital period 567.12 days
pre- and post-encounter (see Fig. 36)
semi-major axis 200,590,000 km

124,641,000 mi
semi-minor axis 197,580,650 km

127,776,610 mi
miscellaneous data

aiming point diagram (see Fig. 37)

angle of celestial longitude of Earth
between launch and closest approach ~ 225.9 deg

angle of celestial longitude of spacecraft
between launch and closest approach  161.4 deg

B vector

distance between initial aiming point
(in B plane) and actual point hit 3,295 km

2,048 mi
increase in B vector during encounter 850 km
528 mi

closest approach to Earth after encounter

date of 8 Sept 1967

time of 06:36:19.09
deflection of spacecraft from ecliptic

at Mars 16.489 deg
encounter velocities and altitudes

(see Fig. 39)
near-Mars trajectory parameters

(see Fig. 38)

®



ORBIT DATA, MARINER IV (Cont'd)
" perihelion
argument of perihelion
dates of

distance of

spacecraft velocity relative to Sun
PARKING ORBIT (see Launch Data)
PARTS FAILURE SUMMARY (see Table 26)
PARTS, NUMBER OF (see Spacecraft)
PERIHELION (see Orbit Data)
PERSONNEL

(Note: Multiple names for one position are

given in order of service)

NASA
Program Manager
Program Engineer
Program Scientist

Project Manager
Assistant Project Managers
Project Staff

Program Engineer

Mission Analysis

Launch Constraints
Launch Vehicle Integration

Quality Control
Reliability

Contract Administration
Reports Coordination
Fiscal Control

Project Scientist

Assistant Project Scientist

200.63 deg

5 Jun 1966

25 Dec 1967
165,849,000 km
103,054,000 mi
68,200 mph

. A. Reiff
. Edwards
. M. Weldon

. A. Gaugler

. N. James

. Schneiderman
. H. Parker

. A. Collier

R

S.R

. Q. Spaulding
. W. Haddock
. N. Williams
. A. Welnick
A
H
T
. M.
F
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PERSONNEL (Cont'd)

50

Scientific Investigators (see Table 7)
System Managers

Spacecraft System Manager

Launch Vehicle System Manager
SFO System Manager

DSN System Manager

Project Representatives

Computer Applications

Deep Space Network (DSN)
Environmental Requirements
Environmental Testing

Guidance and Control and Power

Launch Constraints
Launch Vehicle Integration

Procurement

Propulsion

Quality Assurance

Reliability

Spacecraft System Engineer

Spacecraft Operations (ground and
launch)

Space Flight Operations (SFQ)

Space Sciences

Systems Analysis and Trajectories

Stores/Supply
Structures and Thermal Control

BllbO
. Renzetti

F. G. Curl

J. R. Hall
A. T. Burke
W. L. Brown
J. E. Maclay
J. R. Hyde
D. S. Hess
J. 0. Stoker
J. D. Acord
D. R. Thomas
K. M. Dawson
J. S. Reuyl

J. Q. Spaulding
G. W. Haddock
A. N. Williams
L. T. White

B. W. Schmitz
T. Groudle

D. C. Mesnard
R. A. Welnick
F. Pa

F

J.

A

C.
A
A
H.
R.
G.

M. T. Goldfine
D. W. Douglas
H. G. Trostle
R. K. Sloan

E. Cutting

N. R. Haynes

C. H. Fields

W. J. Schimandle
J. N. Wilson

1. D. Schmuecker
L. N. Dumas



PERSONNEL (Cont'd)
Project Representatives (cont’d)

Telecommunications

Cognizant Engineers

absorptivity standard

attitude control gas system
attitude control packaging
attitude control subsystem
Project Engineer
analyst
attitude control subsystem OSE
autopilot
battery
cabling
Canopus tracker
central computer and sequencer
Project Engineer
cognizant engineer
central computer and sequencer OSE
cosmic dust detector
cosmic ray telescope
data automation system

data encoder

electrical converters
ground command

ground handling equipment
ground telemetry

guidance and control analysis
helium magnetometer
inertial sensors

ionization chamber

jet vane actuators

low-gain antenna dampers
mechanical subsystems

J. N. Bryden
T. C. Sorensen
R. L. Balluff
J. A. Hunter

J. Brandt
D. W. Lewis

T. 0. Thostesen
J. B. DaHlgren

F. W. Brocksieper
W. H. Benjamin
H. K. Bouvier
J. F. Petralia

J. F. South

W. L. Long

W. B. Pierce

E. S. Davis

N. H. Herman

. S. Lingon

. L. Ross

. K. Schofield
. J. Holman

. W. Slaughter
. J. Schneider
. L. Nay

, C. Apel

. L. Spencer

. R. Lowe

. M. Norman
. L. Balluff

. R. Thomas

. D. Norris

. J. Hand

G. Despain

. Casabianca
. T. Lyman

. A Barlow

. T. Lyman

DO I P PPOEOSOIODCS

- T voOr
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PERSONNEL (Cont'd)
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Cognizant engineers (cont'd)

midcourse maneuver plan
orbit determination

pin pullers and squibs
planetary scan actuator
planetary scan sensor
planetary scan subsystem
power OSE

power subsystem (Project Engineer)
power subsystem contract
primary structure
propulsion system

pyrotechnic arming switch
pyrotechnic subsystem
radio OSE

radio subsystem

science OSE

science system integration
science system support
scientific instruments packaging
separation initiated timer

solar panel actuator

solar panel dampers

solar panel structure

solar panels

solar plasma probe

solar pressure vane control

solar pressure vanes (mechanical)
space sciences (Project Engineer)

spacecraft analysis

spacecraft antennas (electrical)
spacecraft antennas (mechanical)
spacecraft command

spacecraft mechanical development
Sun sensors

superstructure

system OSE integration
television electronics

television optics

temperature control

temperature control louvers

. A. Packard, Jr.
. M. Dawson

. C. Cleven

. J. Lansford

. W. Schmitz
. A. Groudle
. C. Randall

Rotter

(

. E

. T. Lyman
. L. Moore
. V. Goldsmith
. A. Graham
. ). Donlin
. C. Randall
. L. Schutz
. G. Fawcett
. P. Holmes
. F. Boreham
. E. Layman
. ). Spear

. Schmuecker

. Spehalski
. Phillips



PERSONNEL (Cont'd)
Cognizant engineers (cont’d)
temperature control shields

temperature control testing
trajectories
trapped radiation detector
video storage subsystem
Cognizant Scientists
cosmic dust detector
cosmic ray telescope
helium magnetometer
ionization chamber
occultation experiment
science ground data handling

solar plasma probe
spacecraft television system
trapped radiation detector

Space Flight Operations
Director (SFOD)
Assistant Director
operations controllers

Engineering Planner

Administrative Aid

Data Coordinator

Space Flight Operation Facility
Manager

assistants
DSIF Operations

Manager
assistants

Computer Applications
Project Engineer

. Spehalski
. VonDelden

. Schofield
M. Trester

B. V. Connor
H. R. Anderson
E. J. Smith

H. R. Anderson
A. Kliore

K. Heftman

S. Gunter

M. Sander

C. W. Snyder
A. G. Herriman
H. R. Anderson
R. Lockhart

. W. Douglas
. Beauchamp
. Backofen

..4
)
o
=
[Z]
p<3
=
o
3

. J Walker

T
. K. Hornbeck
. S. Martin
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PERSONNEL (Gont'd)

Space Flight Operations (cont’d) T
Spacecraft Performance Analysis and
Command (SPAC)

Director A. G. Conrad
assistants R. K. Case
R. F. Draper
R. F. Miles
R. A. Neilson
P. H. Steinbrook
Space Sciences Analysis and Command
Director R. K. Sloan
assistants H. R. Anderson
W. G. Fawcett
S. Z. Gunter

Flight Path Analysis and Command
Director N. R. Haynes

PHOBOS (see Mars)
PHOTOGRAPHS (see Picture Data)
PICTURE DATA (see also Fig. 20)

area
average of all pictures 97,032 km*
35,512 mi*
least amount shown 24,325 mi*
picture showing least amount of picture 14
Martian surface covered 1%
closest shot, slant range picture 17
closest shot, slant range distance 11,976 km
7,400 mi
craters
number of in 21 pictures approx. 70
range in sizes of visible craters 3t093 mi
data bits
number per picture element 6
number per line 1200
number per picture 198,900
total number played back in 21 pictures
plus 22 lines 4,199,340
duration of picture taking sequence at
spacecraft 25 min, 12 sec
The operations room . .. scene of many tense

moments during the encounter gsequence

A o
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PICTURE DATA {Cont’d)
first picture
time taken, at spacecraft
{15 July 1965)
location of first indication of light

date of first press release (PDT)
time of first press release (PDT)
locations of pictures on planet
(see Fig. 20)
number of pictures taken
path of pictures across planet
latitudinal direction

longitudinal direction

region covered, latitudinal direction

region covered, longitudinal direction
picture elements

picture dimensions, nominal

picture dimensions, actual

number per picture (excluding
sync and line information)
total number in 21 pictures plus 22 lines
playback, first
first picture start date
first picture start time
last picture end date
last picture end time
elapsed time, first picture start—
last picture end

playback, second
first picture start date
first picture start time
last picture end date
last picture end time
elapsed time, first picture start—
last picture end
playback, total time

shades of gray
number of
digits used to represent

“

00:18:33.1

element 29 of
line 6

15 Jul 1965

9:00 PM

21 plus 22 lines

334 Nto
50.5-deg S
171.5 to 252.6 deg
83.9 deg
81.1 deg

200 x 200
elements
195 x 170
elements

33,150
699,890

15 Jul 1965
13:01:58 GMT
24 Jul 1965
19:26:33

9 day, 6 hr, 24 min,
35 sec

24 Jul 1965
21:23:53
3 Aug 1965
03:36:02

9 days, 6 hr, 14 min,
9 sec

18 days, 12 hr, 38
min, 44 sec
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PICTURE DATA (Cont'd)

- shades of gray (cont'd)

digit for black
digit for white

straightest Sun angle

straightest Sun angle, picture with

straightest view angle

straightest view, picture with

surface dimensions covered by pictures,
average (see also Table 5)
east-west

north—south

time between MT-9 and first picture
transmission time

per element

per line

per picture, average time

|
| for Data Mode 1 telemetry between
‘ pictures, average

PLANETARY ACQUISITION (see Wide-Angle Acquisition)
PLANETARY SCAN PLATFORM

angular position (clock angle)
| when pinned

after cover drop event
attempted by DC-24 at encounter
actual setting after DC-24 at encounter
offset from nominal at encounter

backlash of platform

electrical components, number of
(see Table 9)

field of view of wide-angle acquisition
sensor

look angle of wide-angle acquisition sensor
cone direction
clock direction

planet tracking accuracy

power required

63

0

13.6 deg

picture 3

20.5 deg

pictures 11 and 12

312 km
194 mi
311 km
193 mi
1 hr, 7 min

0.72 sec

2 min, 24 sec

8 hr, 35 min,
39 sec

1 hr, 57 min,
3 sec

238.3 deg

177.9 deg
179.43 deg
178.69 deg

0.74 deg

21.47 min of arc

502
48.5 deg cone

119.7 deg

camera direction
+0.24 deg

+1 deg + 1% of
planet angular
diam

465w @ 2.4 ke

2.81 w @ 400 cps



PLANETARY SCAN PLATFORM (Cont'd)

reference designations of subassemblies
(see Table 8)

scan cycle

scan limits, clock angle (see also Fig. 5)

scan rate
search cycles, number performed

at cover drop event

at encounter
temperature range, operating
time per cycle at gover drop event, average
time per cycle at encounter, average
weight (see Table 10)

PLASMA PROBE (see Solar Plasma Probe)

POST-INJECTION PROPULSION SYSTEM (see Propulsion)

POWER SUBSYSTEM (see also Solar Paneis)

battery

life

type

number of cells

voltage reading at Sun acquisition,

28 November 1964

voltage reading at end of mission
electrical components, number of,

excluding solar cells {see Table 9)
inverters, number of
location of power regulator and battery
location of power subsystem on spacecraft
output voitages

2.4 kc square wave

400 cps square wave

400 cps step square wave (to gyros)
power consumption during cruise, average
reference designation of subassemblies

(see Table 8)
regulators, number of
regulator output voltage
regulator power capability
solar panel power output (see Fig. 28)
telemetry points, number of
weight, including solar panels

(see Table 10

180 deg

116.59 to 296.59
deg

0.5 deg/sec

10

14

—40 to +80°C
11 min, 51 sec
11 min, 53.2 sec
6.85 Ib

1200 whr
silver-zinc
18

345v
372v

901

4

Bay VI
Bay |

50 vac +2%

28 and 32.5 vac
+5%

27 vac = 10%

170 w

2

52 vde =1%
150 w

22

149.97 Ib



PRINCIPAL INVESTIGATORS (see Tahle 7)

PROBLEM/FAILURE REPORTS

total

after launch

before launch
attitude control
central computer and sequencer
command
cosmic dust detector
cosmic ray telescope
data automation subsystem
data encoder
helium magnetometer
ionization chamber
launch vehicle interface
operational support equipment
planetary scan subsystem
post-injection propuision
power
pyrotechnics
radio
solar plasma probe
spacecraft
television
thermal control
trapped radiation detector
ultraviolet photometer
video storage (tape recorder)
wiring and cabling
miscelianeous
total

PROPULSION SYSTEM
amount of fuel used during midcourse
maneuver

burn time capability
at launch

after midcourse maneuver
burn time during midcourse maneuver
characteristic velocity
location on spacecraft

maximum thrust vector deflection
capability, 2 jet vanes deflected 25 deg

1391

419 Ib

103 sec

81 sec
20.06 sec
4340 ft/sec
Bay Il

+5.0 deg
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PROPULSION SYSTEM (Cont'd)
motor alignment at launch

horizontal offset 0.010 in.
vertical offset 0.002 in.
motor tilt angle 2.00 deg

nitrogen temperature variation during
flight (see Fig. 32)

nozzle expansion ratio 44:1
operating temperature range +35 to +125°F
propellant flow rate 0.21487 Ibm/sec
reference designation of subsystem 10A1
specific heat ratio 1.38
stagnation chamber pressure 189.4 psia
throat area, ambient 0.15 in?
type of fuel anhydrous
hydrazine

uncertainty in motor pointing accuracy 2.5 mrad max.
vacuum specific impulse (without jet vanes) 236.0 Ibf-sec/Ibm
vacuum specific impulse, 4 jet vanes

deflected 10 deg 232.7 Ibf-sec/lbm
vacuum thrust, without jet vanes 50.71 bf

vacuum thrust, 4 jet vanes defiected 10 deg 50.00 Ibf
vacuum thrust coefficient, without jet

vanes 1.7500
weight, subsystem (see Table 10 4755 1b
weight of fuel after midcourse maneuver 17.01 1b
weight, total dry unserviced 26.68 Ib
weight, wet

nitrogen gas 1.00 Ib

oxidizer 0.1131b

propellant 2156 1

squibs 0.62 Ib

total wet weight 49.99 Ib

PROTONS (see Scientific Data, Trapped Radiation Detector,
Cosmic Ray Telescope)

PUBLICATIONS (see Table 25)

PYROTECHNICS
electrical components, number of
{see Table 9) 208
pinpullers, number of 9
pyrotechnic control unit
number of electrical components 565
power required 048 w
weight 3921

-



PYROTECHNICS (Cont'd)

squibs
number of
power required to fire

weight, subsystem (see Table 10

QUARTERLY REVIEWS, NASA (see Dates)

29

212 w (or 1-msec
peak)
1221 Ib

RADIATION (see Cosmic Ray Telescope, lonization Chamber,

Scientific Data from Mariner IV, Trapped Radiation

Detector)

RADIO (see also High-Gain Antenna, Low-Gain Antenna)

cavity amplifier output (nominal)

dc power input to cavity power amplifier

dc power input to traveling wave tube
amplifier

dynamic range to threshold (nominal)

electrical components, number of
(see Table 9)

exciter output (nominal)

interferometer effect during Mariner IV
flight (see Fig. 27)

location of subsystem on spacecraft

maximum receiver gain (nominal)

noise temperature (maximum) including
preselector (nominal)

nominal down-link frequency for VCO
(zero static phase error)

nominal one-way transmission frequency
at 25°C
exciter A
exciter B
nominal up-link frequency for VCO
(zero static phase error)

reference designations of subassemblies
(see Table 8)

threshold level, carrier (nominal)

threshold level, telemetry (nominal)

traveling wave tube amplifier output,
nominal

05wand 7 w
(+38 dbm)
388w

60.3 w
80 db

1571
0.5 w (427 dbm)

Bay V and
Bay VI
193 db
3370°K
2297.591400 Mc
@ 25°C
2297.586552 Mc
2297.592936 Mc
2115.698747 Mc
@ 25°C
—151 dbm
—163 dbm

10 w (+40 dbm)
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RADIO (Cont’d)

weight, subsystem (see Table 10) 3440 Ib
2.4 kc power input to receiver 75w
2.4 kc power input to exciters and control

unit 13w

RANGE (see Orbit Data)

RECEIVER (see Radio)

REDUNDANCY (see Table 11)

REFERENCE DESIGNATIONS (see Table 8)
RELIABILITY, PART FAILURE SUMMARY (see Table 26)
REPORTS (see Table 25)

ROLL RATE
Canopus sensor off 3.5 mrad/sec
Canopus sensor on 2.0 mrad/sec

SCAN PLATFORM (see Planetary Scan Platform)

SCIENCE SUBSYSTEM (see also Narrow-Angle Mars Gate,
Planetary Scan Platform, Television Subsystem)

ancillaries data automation
system
narrow-angle Mars
gate
planetary scan
system
components, number of 18,152
instruments, number of 6
instruments, field and particle (see also
headings by instrument name) solar plasma
probe

jonization chamber
trapped radiation
detector
cosmic ray
telescope
cosmic dust
detector
helium
magnetometer
location of electronics on spacecraft Bay 11l
power required by field and particle
instrument plus data automation
system 154 w
reference designations of science
instruments (see Table 8)
weight (see Table 10) 5941 1b

<




SCIENTIFIC DATA FROM MARINER IV

dipole, estimated ratio of Mars’ to Earth's
cosmic ray telescope

trapped radiation detector

solar plasma probe
helium magnetometer

dipole moment of Earth

distance of spacecraft above Earth-Sun line
while in Earth’s shadow

geocentric distance of spacecraft while
in Earth's shadow

magnetic field at surface of Mars
trapped radiation detector

helium magnetometer
mass of Sun + mass of Mars

W. de Sitter (1938)

E. K. Rabe {1949)

H. C. Urey (1952)

Mariner IV (preliminary)

number of scientific measurements to end
of mission (see Fig. 23)

solar flares

dates observed

171000
171000 to
5/10,000
171000
3/10,000 to
1/10,000
8.06 x 10*
gauss/cm’

300,000 km
20 million km

<200 vy
<100 y

3,085,000
-+ 5,000
3,110,000
+7,700
3,079,000
+6,000

3,098,600
+3,000

23 million

9-11 Jan 1965
5-10 Feb 1965
25-27 May 1965
1-3 Jun 1965
5-6 Jun 1965
13-19 Jun 1965
29 Jun-1 Jul
1965
6 Jul 1965
14-15 Jul 1965
4 Aug 1965
6-9 Aug 1965
27-30 Aug 1965
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SCIENTIFIC DATA FROM MARINER IV (Cont'd)
solar flares (cont’d)
number of clearly identifiable flares
observed
Class |l flares
Class Il flares
Class | flares
Total
cosmic dust detector
cumulative cosmic dust flux
between 1 and 1.25 AU

between 1.25 and 1.36 AU

between 1.36 and 1.43 AU
{peak flux)

between 1.43 and 1.49 AU
at encounter

distance beyond Earth’s orbit at
maximum cosmic dust activity
distance from Earth at maximum
cosmic dust activity
distance from Mars at maximum
cosmic dust activity
total number of hits at end of mission
(see Fig. 34)
cosmic ray telescope
average observed cosmic ray intensity
(protons and alpha particles >1 Mev)
helium magnetometer
average strength of interplanetary
magnetic field
maximum fluctuation in field strength
ionization chamber
average ionization rate observed

maximum ionization rate observed

{during 5 February 1965 flare)
A "

—_o oMo

N

7.3 x 10°° parti-
cles/m* sec
(w sterad)

2.1 x 10~ parti-
cles/m? sec
(w sterad)

3.3 x 10 parti-
cles/m* sec
( sterad)

2.2 x 10" parti-
cles/m’ sec
(r sterad)

1.8 x 10 parti-
cles/m* sec
(w sterad)

36 million mi
99 million mi
10 million mi

approx. 235

3 counts/min

5y
+25y

1000 ion pairs/
sec cm® STPA

190,000 ion pairs/
sec cm® STPA



SCIENTIFIC DATA FROM MARINER IV

- ionization chamber (cont’d)
average specific ionization observed

maximum specific ionization observed
(during 5 February 1965 flare)

occultation experiment
atmosphere, Martian
density of, estimated

scale height of, estimated
surface number, density of

surface mass, density of

temperature of at occultation
sampling point

ionosphere, Martian
electron density, peak

height of at entering point
(maximum electron density)

temperature of

refractivity of Martian surface
solar plasma probe (preliminary data)
minimum solar wind density observed,
29 November to 4 December 1964
maximum solar wind density observed,
29 November to 4 December 1964
minimum solar wind velocity observed,
29 November to 4 December 1964
maximum solar wind velocity observed,
29 November to 4 December 1964
minimum solar wind flux observed,
29 November to 4 December 1964
maximum solar wind flux observed,
29 November to 4 December 1964
minimum solar wind velocity observed,
first 3 months of 1965

235 ion pairs/cm
STPA

670 ion pairs/cm
STPA

41t07.0mb

10 gm/cm?

8 to 10 km

1.43 +0.1 to 175
+0.1 x 10-®
gm/cm®

19 +0.1t025
+0.15 x 107
mol/cm

170 +20 to 180
+20°K

9 +1.0 X 10* elec-
trons/cc at 125
km altitude

100-120 km

62-75 mi

<200°K at 120~
200 km

3.6 =0.2 N units

4.0/cm®

14.5/cm*

345 km/sec

467 km/sec

1.6 x 107/cm? sec

5.5 x 10'/cm?® sec

275 km/sec

65



SCIENTIFIC DATA FROM MARINER IV (Cont'd)

solar plasma probe (cont’d)
maximum solar wind velocity observed,
first 3 months of 1965
velocity of solar wind at encounter
density of solar wind at encounter
solar wind pressure on spacecraft at
encounter

trapped radiation detector
average count rate during mission
electrons >>40 kev, protons >500
kev
protons between 0.5 and 11 Mev
maximum count rate (during
5 February 1965 flare)
electrons >40 kev, protons >500
kev
protons between 0.5 and 11 Mev
outermost detected limit of Earth’s
magnetosphere

SEPARATION (see Event Time)

SOLAR ENERGY (see Solar Panels)

SOLAR FLARES (see Scientific Data)

SOLAR PANELS (see also Power)
cells

type
material

number per panel
number per section
number of series cells per row
number of standard cells for telemetry
monitoring”
size of each solar cell
dimensions
linear
area of each panel

total solar panel area

600 km/sec
330 km/sec
2/cm’

0.5 x 10-* dyne/
cm?

0.7 counts/sec
0.1 counts/sec

60 counts/sec
9 counts/sec

25.7 Ry at Sun-
Earth—probe angle
of 112 deg

ponn

boron diffused
silicon

28,224

1764

84

3
1X2cm

71.4 x 355 in.
17.6 sq ft or

2554.7 sq in.
70.4 sq ft

The first closeup picture of Mars, taken by
Mariner IV at @ range of 10,500 miles

.
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SOLAR PANELS (Cont'd)

magnetic fields (see major heading,
Magnetic Fields)
panel sections
area of each section
number per panel
number of parallel rows per section
maximum voltage output per section
power
output watts available (see Fig. 28)
near earth, at 55°¢
at closest approach, at —10°C
solar panel power demands
before encounter
during encounter
during picture playback
after picture playback
reference designations of subassemblies
(see Table 8)
solar constant
at Earth
at Mars
solar energy
near Earth
near Mars
solar intensity during flight (see Fig. 30)
temperatures of solar panels during flight
(see Fig. 29)
weight of all panels (see Tabie 10)
weight of each panel

SOLAR PLASMA PROBE

68

diameter of viewing aperture

electrical Components, number of (see Table 9)

field of view

grids, number of

look angle
cone direction
clock direction

Measurement ranges (positive jons)
flux density

energy spectrum

445q ft
4

21
50 v

700 w
325w

164 w
197 w
147 w
164 w

143 x 10" km
2.32 x 10* km

135 mw/em?
58.8 mw/cm?

79.02 1b
185 1b

2.5 in.

1290

30 deg half-angle
cone

4

10 deg
9 deg

5 X 10 to
5 x 10-° parti-
cles/cm?

30 ev to 10 kev



SOLAR PLASMA PROBE (Cont'd)

power required
average
peak
reference designations of subassemblies
(see Table 8)
scientific results (see Scientific Data)
sensors, number of
weight (see Table 10)

SOLAR RADIATION (see Solar Panels)

SOLAR VANES

angular operating range of solar vane

area of each vane

force of solar particles on each vane
(nominal)

maximum restoring torque over 0.5-deg
limit cycie

thermal actuator illumination at spacecraft

off-angle of 5 deg
total dynamic range of thermal actuator
total solar vane area

SOLAR WIND (see Scientific Data, Solar Plasma Probe)

SPACECRAFT
clock angle 0-deg reference

configuration (see Fig. 1)

electrical components, total number of
(see Table 9)

functions with alternate operations,
number of

options available for 18 functions,
number of

redundant items (see Table 11)

redundant items, number of

spacecraft area presented to solar radiation

spacecraft center-of-gravity position
(measured)
X axis
Y axis
1 axis

265w
290 w

6.41 1b

+26 deg
7 sq ft

10 1b
0.85 dyne cm
50%

5 deg
28 sq ft.

Canopus tracker
view direction,
Bay VI, 34
deg from —Y
axis

39,220
18
53
13

11.12 sq meters

+0.698 in.
—=0.023 in.
—12.293 in.
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SPACECRAFT (Cont'd)

spacecraft magnetic field (at magnetometer,
without solar panels)
magnetometer X axis
magnetometer Y axis
magnetometer Z axis
total number of parts
weight

SPACECRAFT STRUCTURE

boost dampers
nominal damping rate
nominal spring rate
damper tube material
damper spring material
cruise dampers
damping ratio

damper body material

damper shaft material
dimensions of electronic package cases
high-gain antenna material

low-gain antenna dampers
nominal damping rate, short damper
nominal damping rate, long damper
nominal spring rate, short damper
nominal spring rate, long damper
damper tube material
damper spring material

octagon
material

flatness of octagon rings

bolts and screws material
scan platform material
science cover material

secondary structure material

solar panel material

|-

+5y
+115y
+31.7 y
138,000
574.74 Ib

15 Ib/in./sec
185 Ib/in.
aluminum alloy
beryllium copper

0.15 to 0.70
matched to
within 0.1

polished
aluminum

titanium alloy

15 x 16-1/2 in.

aluminum
honeycomb

5.5 Ib/in./sec
11 Ib/in./sec
160 ib/in.

320 Ib/in.
aluminum alloy
beryllium copper

forged
magnesium
0.010 in./54 in.
titanium
machined
aluminum
bonded aluminum
honeycomb
0.035 aluminum
tubing
0.5 in. corrugated
aluminum alloy



SPACECRAFT STRUCTURE {(Cont'd)
spacecraft feet

number of 8
width of 1in,
weight (see Table 10) 78.44 Ib

SPACECRAFT VELOCITY (see Velocity)
SQUIBS (see Pyrotechnics)

STAR ACQUISITION (see Attitude Control, Canopus

Tracker)
STAR MAP
number of stars stored in computer 423 + Milky Way
and Zodiacal
light

SUBCONTRACTORS (see Table 24)

SUBSYSTEMS (see Attitude Control, Central Computer and
Sequencer, Command, Data Encoder, High-Gain
Antenna, Low-Gain Antenna, Power, Propulsion,
Pyrotechnics, Radio, Science Subsystem, Structure,
Tape Recorder, Temperature Control, Wiring and
Cabling)

SUN ACQUISITION (see Event Times)
SUN-—-PROBE DISTANCE (see Distance from Sun)

SUN SENSORS
field of view of Sun gate 2.2 deg half-angle
cone
number of sensor assemblies 4
number of sensor cells 16
number of primary cells 4
number of secondary cells 12
reference designations of subassemblies
(see Table 8)
TAPE RECORDER
bit capacity, minimum acceptable 5.24 x 10°
bit error rate <1 in 10* bits
electrical components, number of (see Table 9) 1479
interval between pictures during record approx. 24 or 72
sec
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TAPE RECORDER (Cont'd)

interval between pictures during playback
location on spacecraft

operating temperature range

playback frequency

power required, nominal

record frequency

record-to-playback speed ratio

recording sequence (see Fig. 14)

reference designations of subassemblies
(see Table 8)

tape length

tape speed, playback

tape speed, record

tape width

total recording time during encounter

VCO frequency, nominal
weight, subsystem (see Table 10)

TELEMETRY

72

bits telemetered from spacecraft, total

number {assuming 7 bits per measurement)

channel allocations (see also Table 19)
scientific channels

housekeeping channels

engineering channels
communications measurements
current measurements
event counters
position measurements
pressure measurements
temperature measurements
voltage measurements
miscellaneous measurements

channel characteristics
data channel modulation loss

synchronization channel effective noise

bandwidth

synchronization channel modulation loss

synchronization channel threshold signal/

noise ratio

approx. 2 hr

Bay V

—10 to +70°C

8-1/3 bps

3 wrecord, 4w
playback

10.7 ke

1284/1

330 ft loop

0.01 in./sec

12.84 in./sec

1/4 in.

1520 +20 sec, or
25 min, 20 sec,
+20 sec

1512 cps

16.89 Ib

325.5 million

39 (Data Mode 2)
61 (Data Mode 3)

+46db =04 db

+05db +0.4 db

+105 db +0.4,
—0.0db

+135db +0.5db



TELEMETRY (Cont'd)

data frames
bits per data frame
cycle time (8-1/3 bps)
cycle time (33-1/3 bps)

number of complete science measurements

per data frame
cosmic dust detector
cosmic ray telescope
helium magnetometer
ionization chamber
solar plasma probe
trapped radiation detector

Data Modes, number of
Data Mode formats
Data Mode 1
science bits per data frame
engineering bits per data frame
Data Mode 2
science bits per data frame
engineering bits per data frame
Data Mode 3
science bits per data frame
engineering bits per data frame
Data Mode 4

science picture bits per data frame

engineering bits per data frame
encoding type

engineering format (see Figs. 16 and 22)
error probabilities
bit error probability at threshold
required ST/N/B* for bit error
probability of 5 % 10-*

word error probability at threshold
measurements, number of
engineering measurements, to end of
mission (see Fig. 23)

420
50.4 sec
12.6 sec

172
172

174
1/36
1/8

0
420

280
140

420
0

420

0

sampled data,
digital phase
shift keying
with pseudo-
noise synchroni-
zation

5 x 107
+7.1 db-cps/bps

+12db
1 word in 28

13 million

*signal power per bit to noise power in unit bandwidth
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TELEMETRY (Cont'd)

measurements, number of (cont'd)
housekeeping measurements, to end of
mission
scientific measurements, to end of
mission (see Fig. 23)
total number of measurements to end of
mission (see Fig. 19)
telemetry resolution (commutation) at
8-1/3 bps
telemetry resolution (commutation) at
33-1/3 bps
time
between samples (see Table 20)
science data off during picture playback,
15 July to 3 August 1965

time spent in Data Mode 1
time spent in Data Mode 2
time spent in Data Mode 3
time spent in Data Mode 4
transmission rates
word length

TELEVISION PICTURES (see Picture Data)

TELEVISION SUBSYSTEM (see also Picture Data)

electrical components, number of (see Table 9)
exposure time
field of view
filter window wavelengths
green
red
focal length
frequency
readout frequency
record frequency
gain control for brightness compensation
image erase time
look angle of camera (see also Fig. 5)
cone direction
clock direction

picture size in elements
nominal
actual
number of picture elements per picture

10.5 million
23 million
46.5 million
50.4 sec

12.6 sec

18 days, 12 hr,
38 min, 44 sec

102 hr, 47 min

7,338 hr

6 hr, 14 min

403 hr, 25 min

33-1/3, 8-1/3 bps

7 bits

2003
80 ms or 200 ms
1.05 x 1.05 deg

4800 to 5600 R
5400 to 6500 &
12 in.

83.3 ke
10.7 ke
64:1

24 sec

120.00 deg
116.35 to 296.35
deg

200 x 200
195 x 170
33,150



TELEVISION SUBSYSTEM (Cont’d)

number of data bits per picture element word
total number of data bits per picture

number of data bits used for frame count, etc.

power required

readout time

reference designations of subassemblies
(see Table 8)

sensitivity threshold

shades of gray, number of

time between exposures (see Fig. 14)

type of telescope

vidicon image size

weight, subsystem (see Table 10)

6
198,900
12,200
8w

24 sec

0.0075 ft-c sec
64

f/8 Cassegrain

0.22 x 0.22 in.

11.28 1b

TEMPERATURE CONTROL (see also Absorptivity Standard)

assemblies, number of
louvers
angular change of louvers relative to
temperature
louver area for each bay
total louver area
louver positioning error
louver position telemetry inaccuracy
number per assembly
total number of louvers
weight of all louvers
parts, number of in system
shielding
amount of octagon covered by shielding
material of blanket layers

number of layers in lower blanket
number of layers in upper blanket
weight of thermal passive type shielding
temperatures during flight, typical (see Figs.
29 through 33)
weight, subsystem (see Table 10)

TESTING

environmental tests (see Environmental Tests)

life tests (see Life Tests)

system tests (see Fig. 21 and Table 18)
THERMAL BLANKET (see Temperature Control)
THERMAL SHIELDS (see Temperature Control)
THRUST (see Propulsion System)

40

90 deg/30°F

1.4 sq ft

8.4 sq ft

+5 deg

+15 deg

22 (11 pairs)

132 (66 pairs)
8.57 Ib

1200

85%

0.00025 aluminized

mylar

1553 Ib
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TIME CONVERSION (see Table 2)
TIMES, GMT (see Event Times)

TIME SPANS (see also Event Times)

Mariner |1l parking orbit coast time
Mariner 111 launch to battery failure,

elapsed time
elapsed times, Mariner IV

Jaunch to booster engine cutoff
launch to booster engine separation
launch to sustainer engine cutoff
launch to vernier engine cutoff
launch to shroud ejection

launch to Atlas/Agena separation
launch to Agena first burn ignition
launch to Agena first burn cutoff
launch to Agena second burn ignition
taunch to Agena second burn cutoff
launch to spacecraft separation
launch to solar pane! deployment
launch to Sun acquisition

launch to Canopus acquisition

launch to midcourse maneuver completion
launch to start of cover drop event

event durations, Mariner IV

cover drop event
exit occultation)

occultation duration

launch to closest approach
launch to end of mission

spacecraft separation to Sun acquisition
MT-9 event to first picture transmission

parking orbit coast time

Agena first burn duration

Agena second burn duration

aborted midcourse maneuver sequence
(start to Canopus re-acquisition)

midcourse maneuver sequence (start to
Canopus re-acquisition)

midcourse maneuver motor burn time

encounter sequence (first command to

television picture sequence at spacecraft

23 min, 18 sec
8 hr, 43 min

2 min, 14 sec

5 min, 16 sec

4 min, 59 sec

5 min, 17 sec

5min, 20 sec

5 min, 22 sec

6 min, 13 sec

8 min, 38 sec

40 min, 52 sec

42 min, 27 sec

45 min, 9 sec

53 min, 3 sec

68 min, 56 sec

20 hr, 40 min

7 days, 3 hr, 7 min

74 days, 13 hr,
7 min

228 days, 10 hr,
38 min, 56 sec

307 days, 7 hr,
25 min, 22 sec

23 min, 47 sec

1 hr, 8 min, 5 sec

32 min, 14 sec
2 min, 25 sec
1 min, 35 sec

9 hr, 57 min, 44 sec

3 hr, 53 min, 19 sec
20.06 sec
7 hr, 20 min, 6 sec

12 hr, 57 min, 11 sec
25 min, 12 sec
53 min, 53 sec



TIME SPANS (Cont'd)

event durations, Mariner IV (cont'd)
picture playback duration
first playback sequence

second playback sequence
total playback duration

maneuver inhibit sequence
black space picture sequence and
playback
end of mission event
TIMING (see Central Computer and Sequencer)
TRAJECTORY (see Orbit Data)
aiming point diagram (see Fig. 37)
ecliptic view of pre- and post-encounter
trajectory (see Fig. 36)
TRANSPONDER (see Radio)
TRAPPED RADIATION DETECTOR
counting rates
detectors A, B, C

detector D,
detector D
detection levels (number of detectors)
electrical components, number of (see Table 9)
field of view (all detectors)
geometric factor, omnidirectional
detector A
detector B
detector C
geometric factor, unidirectional
detector A
detector B
detector C
detector D,

detector D,

9 days, 6 hr,

24 min, 35 sec
9 days, 6 hr,

14 min, 9 sec
18 days, 12 hr,

38 min, 44 sec
39 min, 48 sec

2 days, 9 hr, 59 min
34 min, 50 sec

0.6 to 10°
counts/sec

0.071 to 10°
counts/sec

0.059 to 10°
counts/sec

5

283

30 deg half-angle
cone

approx. 0.15 cm?
approx. 0.15 cm*
approx. 0.15 cm?

0.044 + .005
cm? sterad
0.055 +.005
cm? sterad
0.050 =+.005
cm?® sterad
0.065 +.003
cm?® sterad
0.065 +.003
cm’ sterad
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TRAPPED RADIATION DETECTOR (Cont'd)

look angle
detector A
cone direction
clock direction
detectors B, C, Dy, D.
cone direction
clock direction

measurement ranges

detector A electrons
protons
detector B electrons
protons
detector C electrons
protons
detector D, electrons
protons
detector D. electrons
protons

power required

scientific results (see Scientific Data)

sensors, number of
weight (see Table 10)

TRAVELING WAVE TUBE AMPLIFIER (see Radio)

TRAVELING WAVE TUBE AMPLIFIER CHANGEOVER

date

day of flight

time

communication time (one way)
Earth-probe—Sun angle
Canopus—probe—Sun angle
spacecraft celestial longitude
spacecraft celestial latitude
Earth celestial longitude

Mars celestial longitude
spacecraft distance from Earth

spacecraft distance from Sun

spacecraft distance from Mars

:

135 deg
169 deg

70 deg
160 deg

> 45 kev

>670 =30 kev
> 150 kev
>3.1 Mev
>40 kev

>550 +20 kev
none

0.5 to 11.0 Mev
none

0.88 to 4.0 Mev
044w

4
217 b

13 Dec 1964
15

14:09:00

13.8 sec

56.8 deg

103.1 deg

83.0 deg

3.22 deg

81.6 deg

131.0 deg
4,158,654 km
2,584,188 mi
149,486,790 km
92,891,091 mi
184,427,040 km
114,597,650 mi



TRAVELING WAVE TUBE AMPLIFIER CHANGEOVER (Cont'd)

distance traveled along heliocentric arc 44,971,252 km
27,949,815 mi
spacecraft velocity relative to Earth 6,961.4 mph
spacecraft velocity relative to Mars 56,114.4 mph
spacecraft velocity relative to Sun 73,567.3 mph

VELOCITY AT ENCOUNTER (see Fig. 39)
VELOCITY PERIODICALLY DURING FLIGHT (see Table 3)

VELOCITY OF MARINER IV RELATIVE TO EARTH
periodically during flight (see Table 3)

injection 25,598 mph
midcourse maneuver 7,049.9 mph
changeover to traveling wave tube amplifier 6,961.4 mph
DC-15 Canopus gate override event 6,957.5 mph
MT-6 changeover to 8-1/3 bps 7,710.5 mph
cover drop event 16,146.5 mph
MT-1 Canopus cone angle update 21,231.3 mph
MT-5 changeover to high-gain antenna 23,242.1 mph
MT-2 Canopus cone angle update 32,703.7 mph
MT-3 Canopus cone angle update 44,315.7 mph
MT-4 Canopus cone angle update 56,174.8 mph
closest approach 66,732.4 mph
black space picture sequence 80,469.2 mph
end of mission 90,499 mph

VELOCITY OF MARINER IV RELATIVE T0 MARS
periodically during flight (see Table 3)

midcourse maneuver 59,396.1 mph
changeover to traveling wave tube amplifier 56,114.4 mph
DC-15 Canopus gate override event 54,338.0 mph
MT-6 changeover to 8-1/3 bps 47,319.7 mph
cover drop event 32,593.7 mph
MT-1 Canopus cone angle update 27,494.4 mph
MT-5 changeover to high-gain antenna 25,788.7 mph
MT-2 Canopus cone angle update 19,060.0 mph
MT-3 Canopus cone angle update 13,367.4 mph
MT-4 Canopus cone angle update 10,374.4 mph
closest approach 11,379.0 mph
black space picture sequence 10,370.4 mph

end of mission 10,748 mph



VELOCITY OF MARINER IV RELATIVE TO SUN

periodically during flight {(see Table 3)
midcourse maneuver

changeover to traveling wave tube amplifier
DC-15 Canopus gate override event
MT-6 changeover to 8-1/3 bps

cover drop event

MT-1 Canopus cone angle update
MT-5 changeover to high-gain antenna
MT-2 Canopus cone angle update
MT-3 Canopus cone angle update
MT-4 Canopus cone angle update
closest approach

black space picture sequence

end of mission

at aphelion of heliocentric orbit

at perihelion of heliocentric orbit

VENDORS (see Table 24)

VIDEO STORAGE SUBSYSTEM (see Tape Recorder)
VOLTAGE CONTROLLED OSCILLATOR (see Radio}
WEIGHT

subsystem weights (see Table 10)
total spacecraft weight

WIDE ANGLE ACQUISITION (see also Planetary
Scan Platform)
date of wide angle acquisition
field of view of sensor
look angle of sensor (see also Fig. 5)
cone direction
clock direction

sensor scan limits, in clock angle

time of wide angle acquisition

WIRING AND CABLING

number of disconnect plugs, 1 to 69 contacts
in each

number of electrical components (see Table 9)

number of separate solder or mechanical
connections

number of wires

total length of wiring

weight of all wiring (see Table 10)

80

74,149.7 mph
73,567.3 mph
73,181.5 mph
71,146.8 mph
64,646.3 mph
61,787.3 mph
60,764.2 mph
56,373.6 mph
51,998.1 mph
48,751.0 mph
47.479.1 mph
48,310.2 mph
48,810 mph

48,500 mph

68,200 mph

574.74 Ib

14 Jul 1965
48.5 deg cone

119.7 deg
camera direction
+1.0 deg
116.59 to 296.59
deg
23:42:41

350
5

8000
4000
6000 ft
45.69 Ib
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Table 2. Time conversion guide

oMt EOT £t POY PST | TiubinkillaWoamera|¥adrid and
0100 2100 2000 1800 1700 1100 1030 0300
0200 2200 2100 1500 1800 1200 1130 0400
0300 2300 2200 2000 1900 1300 1230 0500
0400 2400 2300 2100 2000 1400 1330 0600
0500 0100 2400 2200 2100 1500 1430 0700
0600 0200 0100 2300 2200 1600 1530 0800
0700 0300 0200 2400 2300 1700 1630 0900
0800 0400 0300 0100 2400 1800 1730 1000
0900 0500 0400 0200 0100 1900 1830 1100
1000 0600 0500 0300 0200 2000 1930 1200
1100 0700 0600 0400 0300 2100 - 2030 1300
1200 0800 0700 0500 0400 2200 2130 1400
1300 0900 0800 0600 A 0500 2300 2230 1500
1400 1000 0900 0700 0600 2400 2330 1600
1500 1100 1000 0300 0700 0100 2430 1700
1600 1200 1100 0900 0800 0200 0130 1800
1700 1300 1200 1000 0900 0300 0230 1900
1800 1400 1300 1100 1000 0400 0330 2000
1900 1500 1400 1200 1100 0500 0430 2100
2000 1600 1500 1300 1200 0600 0530 2200
2100 1700 1600 1400 1300 0700 0630 2300
2200 1800 1700 1500 1400 0800 0730 2400
2300 1900 1800 1600 1500 0900 0830 0100
2400 2000 1900 1700 1600 1000 0930 0200
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. Table 7. List of scientific investigators

Affiliation

Experiment Investigators
Television R. B. Leighton®
B. C. Murray
R. P. Sharp
R. K. Sloan
R. D. Allen
Helium E. J. Smith*
Magne- P. ). Coleman, Jr.
tometer
L. Davis, Jr.
D. E. Jones

Solar-plasma H. L. Bridge*
Probe

A. Lazarus
C. W. Snyder
lonization H. V. Neher*
Chamber H. R. Anderson
Trapped- 1. A. Van Allen®
Radiation L. A. Frank
Detector 5 M Krimijis
Cosmic Ray J. A. Simpson®
Telescope J. 0'Gallagher
Cosmic Dust W. M. Alexander*
Detector

0. E. Berg

C. W. McCracken

California Institute of Technology
California Institute of Technology
California Institute of Technology
Jet Propulsion Laboratory
Jet Propulsion Laboratory

Jet Propulsion Laboratory

University of California, Los
Angeles

California Institute of Technology

Brigham Young University and
Jet Propulsion Laboratory

Massachusetts Institute of
Technology

Massachusetts Institute of
Technology

Jet Propulsion Laboratory

California Institute of Technology
Jet Propulsion Laboratory

State University of lowa
State University of lowa
State University of lowa

University of Chicago
University of Chicago

National Aeronautics and Space
Administration/Goddard Space
Flight Center

National Aeronautics and Space
Administration/Goddard Space
Flight Center

National Aeronautics and Space
Administration/Goddard Space
Flight Center

aPrincipal investigator
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Table 7. (Cont'd)

Experiment Investigators Affiliation
Cosmic Dust L. Secretan National Aeronautics and Space
Detector Administration/Goddard Space
Flight Center
J. L. Bohn Temple University, Philadelphia
0. P. Fuchs Temple University, Philadelphia
Occultation A. ). Kliore® Jet Propulsion Laboratory
D. L. Cain Jet Propulsion Laboratory
G. S. Levy Jet Propulsion Laboratory
V. R. Eshelman Stanford Electronics Laboratory
F. Drake Cornelt University

nPrincipal investigator

Tahle 8. Unit reference designations

Subsystem Unit Ref. No.
Antennas High-gain antenna 2E1
Low-gain antenna 2E2
Attitude Control system electronics 7A1
Control Control gyros and electronics 7A2
Attitude +X/—Y gas subsystem 7GAl
Gas vessel 7GV1
Gas regulator 7GR1
4-jet gas manifold 7GM41
2-jet gas manifold 7GM21
Attitude control —X/+Y gas subsystem 7GA2
Gas vessel 7GV11
Gas regulator 7GR11
4-jet gas manifold 7GM411
2-jet gas manifold 7GM211
Primary Sun sensor 7PS2
Primary Sun sensor 7PS6
Secondary Sun sensor 7882
Secondary Sun sensor 7556
Sun gate detector 7862
Earth detector 7ED6
Canopus sensor 7CS8
Canopus Sun shutter 7CS8/A




Table 8. (Cont'd)

Subsystem Unit Ref. No.
Central Central clock 5A1
Computer Launch counter 5A2
and Sequencer End counter 5A3
Maneuver clock 5A4
Maneuver duration 5A5

Address regulator and maneuver
duration output 5A6
Input decoder 5A7

| Central computer and sequencer
| transformer-rectifier 5A8
! Relay hold transformer-rectifier 5A9
Command Command detector No. 1 3A1
Command detector No. 2 3A2
Command detector No. 3 3A3
Command program control M
} Command decoder No. 1 3A5
3 Command decoder No. 2 3A6
Command decoder and power supply 3A7
3 Data DAS buffers memory 20A1
| Automation RT DAS logic 20A2
; NRT DAS logic 20A3
i RT DAS logic 20A4
‘ DAS transformer-rectifier 20A5
Data Encoder Pseudonoise generators 6A1

Modulator, mixer, transfer register,

data selector 6A2
Analog to digital converter 6A3
Analog to digital converter 6A4
Event counters 6A5
Functional switching 6A6
Decks 100, 110 6A7
Decks 210, 220 6A8
Decks 200, 300 6A9
Decks 400, 410 6A10
Decks 420, 430 6A1l
Low level amplifier 6A12
Power supply 6A13
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Table 8. (Cont'd)

Subsystem Unit Ref. No.
Planetary Scan sensor and preamplifier 31A1
Scan Platform Scan electronics and transformer-
rectifier 31A2
Scan electronics 31A3
Scan actuator 31A4
Science cover 31A5
Post-injection Post-injection propulsion system 10A
Propulsion
System
Power Power regulator 4A8
Power distribution subassembly 4A11
Power synchronizer 4A12
Battery charger assembly 4A13
Battery assembly 4A14
2400-cps inverter 4A15
2400-cps inverter 4A16
400-cps 1-phase inverter 4A17
400-cps 3-phase inverter 4A18
Pyrotechnics control assembly 8Al
Pyrotechnics control assembly 8A2
Radio Receiver assembly 2RA1
Receiver assembly 2RA2
Receiver transformer-rectifier 2TR1
Exciter assembly 2RE1
Attenuator 2AT1
Directional coupler high-gain antenna 20C1
Directional coupler low-gain antenna 2DC2
Oscillator temperature transducer 21m
4 Port circulator switch 2081
5 Port circulator switch 2(S2
Cavity filter No. 1 2CF1
Cavity filter No. 2 2CF2
Power amplifier 2PAl1
Contro! unit 2CC!
Power amplifier power supply 2PS2
Traveling wave tube power supply 2PS3
Traveling wave tube 2PA2
Exciters transformer-rectifier 2TR2
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Table 8. (Cont’d)

Subsystem Unit Ref. No.
Science Cosmic dust detector 24A1
Instruments Trapped radiation detector 25A1
Cosmic ray telescope 21A1
lonization chamber 26A1
Plasma probe sensor 32A1
Plasma probe electronics 32A2
Plasma probe electronics 32A3
Plasma probe electronics 3274

Magnetometer electronics
transformer-rectifier 33A2
Magnetometer electronics 33A3
Magnetometer sensor 33A1
Narrow-angle Mars gate 7MG1

UV photometer (deleted, replaced

by SPITS) 34A1
Solar Panels Solar panel +X 4A1
Solar pressure control. 7PC1
Solar panel —X 4A5
Solar panel pressure control 7PC5
Solar panel +Y 4A3
Solar panel pressure control 7PC3
Solar panel —Y 4A7
Solar panel pressure control 7PC7
Solar panel fuse assembly 7PC10
Tape Recorder Tape machine 16A1
Tape electronics No. 1 16A2
Tape electronics No. 2 16A3

Tape electronics No. 3 and
transformer-rectifier 16A4
Tape electronics 16A5
Television Optics TV 36A1
Camera head 36A2
TV video channel and computer 36A3
TV deflection and control 36A4
TV encoder 36A5
TV transformer-rectifier 36A6
Temperature Absorptivity standard 11FM1

Control
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Table 10. Weights

Item Weight, Ib

Engineéring subsystems

Antennas 7.43

Central computer and sequencer 11.38

Command 10.12

Data encoder 22.43

Guidance and control 63.29

Power 70.95

Propulsion 47.55

Pyrotechnics 12.21

Radio 34.40

Solar panels 79.02

Structure 78.44

System wiring 45.69

Tape recorder 16.89

Temperature control 15.53

Total, engineering subsystems 515.33
Science subsystem

Cosmic dust detector 2.10

Cosmic ray telescope 2.58

Data automation system 11.78

Helium magnetometer 6.77

lonization chamber 2.90

Planetary scan 6.85

Solar plasma probe 6.41

Television 11.28

Trapped radiation detector 217

Ultraviolet photometer simulator 6.57

Total, science subsystem 59.41
Total Spacecraft 574.74
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Table 11. Redundant items on Mariner IV

item

Type of
redundancy

Description

RF power
amplifiers -

RF exciters

Pyrotechnics
assemblies

Pyrotechnic
arming switch

Attitude control
gas system

Power booster
regulator

Power frequency
control

Analog to digital
converter and
pseudonoise
code generator

Block

Block

Block

Block

Block

Block

Block

Block

Two complete power amplifiers
plus associated power supplies
switchable either by internal
logic or by ground command.
Only one operates at any time.

Two identical exciters switchable
either by internal logic or by
ground command. Only one
operates at any time.

Two identical half systems, both
on line continuously after
separation.

Two separation-activated
switches: pyrotechnic arming
switch, and separation initiated
timer. Either one can power
both pyrotechnic half systems.

Two half systems and pressure
bottles. Both operate continu-
ously after attitude control
turn-on.

Failure sensing circuit detects
over/under voltage condition
at main booster output. Switches
maneuver booster on and main
booster off,

Primary control is a 38.4-kc
synchronization signal from
the CC&S. In the absence of
this, synchronization is derived
from an oscillator internal to
power, or the inverters will
free-run at approximately
2.4kc.

Two identical units switchable
by ground command. Only
one operating at any time.
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Table 11. (Cont'd}

Item

Type of
redundancy

Description

Cruise science
control relay

Science cover drop

End of TV record
sequence

Spacecraft cruise
and encounter
events

Midcourse trajec-
tory correction

Functional

Functional

Functional

Functional

Block

Either separation or ground
command DC-2 controls the
primary cruise science power
supply relay. A secondary
relay is driven by CC&S MT-7
or ground command DC-25
to ensure cruise science “‘on”
during encounter.

Solenoid actuated via pyrotechnic
control assembly is primary;
backup is via lanyard.

Primary is second end-of-tape
signal; secondary is inhibition
of “start record” commands
after 11 nonreal-time science
frames.

CC&S events are primary; backup
is via ground command.

Duplicate pyrotechnic-actuated
valves provide the capability
for two midcourse maneuvers.




Table 12. Types of environmental tests

Major tests
System leve! Subsystem levei
Bench handling
Transportation vibration
L Humidity
Vibration Explosive atmosphere
Shock
. Shock
Acoustic

Thermal-vacuum

Electromagnetic
interference

S-band RF

Static acceleration
Low-frequency vibration
Complex wave vibration
Thermal-vacuum
Thermal shock

RF interference
Magnetics

(cont'd)
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Table 12. (Cont'd)

Miscellaneous tests

Type

Description

Structural test model

Temperature control model

Developmental test model

Extra test model

Launch vehicle interface

Basic structure static test
Vibration

Modal survey

Acoustic

Electromagnetic interference
Low-speed impact (handling)
Shroud cavity purging

Solar panel deployment

Space simulator thermal-vacuum
Stray light reflectance
Prefaunch cooling

Solar vane thermal

Simulated midcourse interaction

Acoustic

Shroud/adapter /spacecraft combined
vibration

Antenna pattern

Adapter/spacecraft static

Spacecraft separation

Spacecraft/umbilical connector
retraction

Shroud wind-tunnel

Launch vehicle shroud contamination
Shroud acoustic

Shroud RF attenuation

Solar panel/shroud impact simulation
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Table 12. (Cont'd)

Miscellaneous tests

Type

Description

Other tests

Noise measurements of Cape Kennedy
operations

RF noise survey of space simulator

Damped structure feasibility

Electronic packaging development

Preliminary match-mate

Solar vane deployment

Solar vane actuator impact

High-gain antenna and Canopus tracker
temperature control

High-gain antenna combined heating
and vibration

Thermal shield outgassing

Thermal blanket ballooning

Solar panel temperature spectrum

Solar panel transporter

Low-gain antenna extreme temperature

Electronic assembly shipping container

Solar panel structural development
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Table 15. Subsystem environmental test summary

monitoring of major project systems

No. of sub-
Environment Syt Toatjtoms| Toa | Falury
TA tests
Bench handling 22 39 0 0
Package drop 25 39 0 0
Transportation vibration 27 85 0 0
Humidity 3 51 5 9.8
Explosive atmosphere 18 19 0 0
Shock 49 116 3 26
Acceleration 46 89 0 0
Low frequency vibration 51 90 6 6.7
Complex wave vibration 54 154 24 15.6
Vacuum/Temperature 50 95 19 200
Thermal shock 26 28 1 36
FA tests
Vacuum/Temperature 41 310 28 9.0
Complex wave vibration 49 538 26 43
Temperature 2 21 1 4.76
Totals
TA tests 805 58 avg 7.2
FA tests 869 55 avg 6.33
1674 113 avg 6.86
Tahle 16. System level environmental test summary
Problem TA FA
Interface problems resolved through systems 3 3
environmental tests
Component changes which should have been 1 2
detected at assembly level
Failure in structure or component that coutd 3 1
only be detected at systems level
Changes indicating need for closer project 1 2
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Table 17. Performance comparison between TA and FA tests:
vibration and vacuum/temperature

Vibration Vacuum/Temperature
Overall
- - failure
Tyve | Mo | Pass | Fair | Fallure) No ol pai Failure rate, %
TA 244 214 30 123 % 76 19 200 145
FA 538 512 2 48 310 282 28 9.0 63

Table 18. Spacecraft tests

At JPL

At AFETR

Subsystem tests

Subsystem interface tests

System tests

Attitude control quantitative
leak test

Electrical modal survey
Spaée simulator test
Vibration test

Weight and center-of-gravity
measurement

Free mode test

Magnetic mapping
Agena/spacecraft interface test
Midcourse motor dynamic test
Launch countdown dummy run

Space Flight Operations/
spacecraft/Deep Space
Network compatibility test

Current loop test

System tests

Spacecraft/Agena adapter
matchmate

Electrical test

RF loop calibration

Dummy run countdown
Umbilical release test
Cooling test

Joint flight-acceptance composite
tests

Science instrument calibrations
Magnetic mapping
Spacecraft/Agena matchmate
Final system test

Final electrical tests

Spacecraft post-matchmate
checkout
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Table 21. List of ground commands

Command address

c’","':."“’ Command name
Binary Octal
DC-1 Command Data Mode 1 110 000 011 00 6 030
DC-2  Command Data Mode 2,
Turn-on cruise science 110 011 011 10 6 332
DC-3  Command Data Mode 3 110 101 011 G0 6 530
DC-4  Command Data Mode 4 110 011 101 00 6 350
DC-5 Command switch data rate 110 000 101 00 6 050
DC6 Command switch ADC/PNG" 110 000 110 00 6 060
DC-7  Switch power amplifier 110 001 001 00 6 110
DC-8  Switch exciters 110 110 101 10 6 652
DC-9  Switch ranging 110 110 011 10 6 632
DC-10 Transmit high, receive low 110 110 000 00 6 600
DC-11 Transmit high, receive high 110 101 110 00 6 560
DC-12 Transmit low, receive low 110 101 101 00 6 550
DC-13 Maneuver command inhibit,
Inhibit propulsion command 110 010 111 00 6 270
DC-14 Remove maneuver inhibit 110 010 100 00 6 240
DC-15 Canopus gate inhibit override 110 001 100 00 6 140
DC-16 Narrow angle acquisition 110 101 000 00 6 500
DC-17 Cycle Canopus cone angle 110 010 001 00 6 210
DC-18 Gyros on: inertial control,
Positive roll 110 100 100 00 6 440
DC-19 Gyros off: normal control 110 100 010 00 6 420
DC-20 Remove roll control 110 111 100 00 6 740
DC-21 Roll override: negative increment 110 111 010 00 6 720
DC-22 Track change 110 111 001 00 6 710

aAnalog-to-digital converter/pseudonoise generator
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Table 21. (Cont'd)

Command address

c”,"'::_’“ Command name
Octal Binary
DC-23 Arm second propulsion maneuver 110 001 111 00 6 170
DC-24 Inhibit scan search 110 100 001 00 6 410
DC-25 Turn-on planet science 110 010 010 00 6 220
Unlatch cover

DC-26 Turn-off planet science, cruise

science, and battery charger 110 011 110 00 6 360
DC-27 Initiate midcourse maneuver 110 100 111 00 6 470
DC-28 Turn on battery charger, turn off

2.4 ke to 110 110 110 10 6 662
DC-29 Arm first propulsion maneuver 110 001 010 00 6 120
QC-1  Maneuver command bits to CC&S
Qcl-1 10 pitch turn duration 110 011 000 11 6 303
QC1-2 01 roll turn duration 110v 011 000 00 6 300
Qc1-3 11 motor burn duration 110 011 000 10 6 302

sAnalog-to-digital converter/pseudonoise generator
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Table 22. Description of ground commands

Command

Effect

DC-1

DC-2

DC-3

DC-4

DC-5

DC6

DC-7

DC-8

DC-9
DC-10

DC-11

Transfers the data encoder to Data Mode 1 operation (all
engineering words) as soon as the transfer is acceptable
to the data encoder transfer logic.

Transfers the data encoder to Data Mode 2 operation (20
engineering words, 40 science words) as soon as the
transfer is acceptable to the data encoder transfer logic;
applies 2.4-kc power to the cruise science instruments.

Transfers the data encoder to Data Mode 3 operation (all
science words) as soon as the transfer is acceptable to the
data encoder transfer logic.

Transfers the data encoder to Data Mode 4/Data Mode 1
operation (television picture data or engineering data) as
soon as the transfer is acceptable to the data encoder
transfer logic. If television picture data is available from
the video storage tape recorder, television data is tele-
metered; if no television data is present (as between
television pictures), then engineering data is telemetered;
removes 2.4-kc power from the cruise science instruments.

Transfers the data encoder from one bit rate to the other.
The data encoder can operate at either 8-1/3 or 33-1/3 bps.

Transfers the data encoder from one analog-to-digital
converter /pseudonoise generator (ADC/PNG) to the other.
The data encoder has two ADC/PNG’s, A and B.

Transfers the radio from one power amplifier to the other.
The radio subsystem has two power amplifiers, A
{traveling-wave tube) and B {(cavity).

Changes the radio from one exciter to the other. The
radio subsystem has two exciters, A and B.

Turns the spacecraft radio ranging-receiver either on or off.

Causes the radio subsystem circulator switches to be con-
ditioned so that the spacecraft transmits via the high-gain
antenna and receives via the low-gain antenna.

Causes the radio subsystem circulator switches to be con-
ditioned so that the spacecraft transmits and receives via
the high-gain antenna.
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Table 22. (Cont'd)

Command

Effect

DC-12

DC-13

DC-14

DC-15

DC-16

DC-17

DC-18

DC-19
DC-20

Causes the radio subsystem circulator switches to be con-
ditioned so that the spacecraft transmits and receives via
the low-gain antenna.

Removes the attitude control excitation power from the
CC&S control lines so that the attiude control functions
that are controlled by the CC&S are disabled. DC-13 also
prevents the pyrotechnics control circuitry from firing
the motor start and stop squibs.

Reverses the stae of all the relays acted upon by DC-13.
DC-14, therefore, is a reset for DC-13 and reverts the
attitude control and pyrotechnics subsystems back to
CC&S control.

Causes the Canopus tracker roll error signal to be
applied to the roll gas jet efectronics at all times,
regardless of whether or not the roll acquisition logic is
satisfied, and also prevents the roll search signal from
being applied to the roll channel, and roll acquisition
logic violations from turning on the gyros.

Initiates a narrow-angle acquisition signal and thereby
conditions the data automation subsystem (DAS) logic
to begin the television picture taking sequence and to
transfer the data encoder to Data Mode 3.

Causes a step change in the Canopus tracker cone angle
by changing the voltage on the defiection plates of the
Canopus tracker’s image dissector.

Turns on the gyros (in the inertial mode) and the
Canopus tracker Sun shutter, and turns off the Canopus
tracker. DC-18 also turns on the turn command generator
and conditions the attitude control circuitry for com-
manded roll turns. Succeeding DC-18's cause clockwise
2.25-deg roll turns.

Serves as the reset for DC-15, DC-18, and DC-20.

Turns off the Canopus tracker and turns on the Canopus
tracker Sun shutter; also inhibits the roll acquisition
logic from turning on the gyros.




Table 22. (Cont'd)

Command

Effect

DC-21

DC-22

DC-23

DC-24

DC-25

DC-26

DC-27

DC-28

Simulates a Canopus acquisition logic violation, turns
on the gyros, and applies a negative roll search signal
to the roll gas jet electronics; thereby causing the
spacecraft to counterclockwise roll search to acquire a
new target. DC-21 will also cause the spacecraft to roll
turn 2.25-deg counterclockwise if preceded by a DC-18.

Changes video storage tape tracks by applying power to
a record head and gating the output of the playback
amplifiers.

Sets relays in the pyrotechnics subsystem so that CC&S
commands, M-6 and M-7 are routed to the squibs aliotted
to the second motor burn.

Removes 400-cps single-phase power from,the scan plat-
form drive motor.

Causes 2.4-kc power to be applied to encounter science
loads, the video storage subsystem, and also the cruise
science loads if 2.4-kc power was off to cruise science;
while at the same time applying 52 vdc from the
booster-regulator to the 400-cps single-phase inverter,
which in turn supplies power to the scan subsystem
drive motor and the video storage subsystem record
motor. DC-25 also enables the battery charger boost
mode and causes the pyrotechnics subsystem to energize
the solenoid that releases the scan piatform science
cover.

Removes 2.4-kc power from al! of the science loads
(video storage 2.4-kc power remains on) and 52-vdc
power from the 400-cps single-phase inverter; also
enables the battery charger boost mode.

Starts the maneuver sequence by issuing the CC&S com-
mand M-1 (turn on gyros), by applying power to the
maneuver clock, and by removing the maneuver clamp
and a flip-flop reset signal from the CC&S maneuver
circuitry. :

Removes 2.4-kc power from the video storage subsystem
and enables the charge mode of the battery charger.
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Tahle 22. (Cont'd)

Command

Effect

DC-29

QCi-1

ac1-2

ac13

Sets relays in the pyrotechnics subsystem so that the
CC&S commands M-6 and M-7 are routed to the squibs
allotted to the fir.t motor burn.

" Sets pitch turn polarity and preloads the CC&S pitch shift

register so that, at a counting rate of 1 pps, the register
will fill in the required time interval for the attitude
control subsystem to pitch turn the spacecraft the
amount required for a given midcourse maneuver.

Sets roll turn polarity and preloads the CC&S roll shift
register so that, at a counting rate of 1 pps, the register
will fill in the required time interval for the attitude
control subsystem to roll turn the spacecraft the amount
required for a given midcourse maneuver.

Preloads the CC&S velocity shift register so that, at a
counting rate of 20 pps, the register will fill in the time
interval necessary for the midcourse motor to burn so
that the spacecraft obtains the required velocity change
for a given midcourse maneuver.

Table 23. Description of central computer and sequencer commands

Set | Reset “§ 23’:‘?“ Function
L-1 Deploy solar panels, vanes, scan platform
L2 Turn attitude control Sun acquire on
X 0 L-3 Turn attitude control Canopus acquire and
solar vanes on
M-1 Gyros on, data encoder to Data Mode 1
M-2 Spacecraft on inertial, autopilot on, Sun
and Canopus off
X X M-3 Turn polarity (set if plus)

Columns 1 and 2 specify the conditions to give a telemetry event to counter 2.
An X in a column indicates a channel 2 event, A ZERO Indicates no channel 2
event. PARENTHESES around a command indicate a reset.
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Table 23. (Cont'd)

Set | Reset deii’;:t:'t'i'nn Function
X X M4 Pitch turn start
(M-4) Pitch turn stop
M-3) Turn polarity reset
X X M-5 Roll turn start
X X M-3 . Turn polarity (set if plus)
(M-5) Roll turn stop
(M-3) Turn polarity reset
X 0 M-6 Midcourse motor ignition
X 0 M7 Midcourse motor turn off
(M-1) Attitude reacquire Sun and Canopus
Data encoder to Data Mode 2
(M-2) ¥ { Auto pilot off, spacecraft to normal
X 0 Midcourse counter reset for next start
X 0 MT-6 Change data encoder bit rate to 8-1/3 bps
X [t} MT-1  Change Canopus cone angle
X 0 MT-5  Transfer to transmit via high-gain antenna
X 0 MT-2  Change Canopus cone angle
X 0 MT-3  Change Canopus cone angle
X 0 MT4 Change Canopus cone angle
Encounter science on (or all science on)
X 0 MT-7 Battery charger off
Deploy science platform cover
MT-8  Encounter science off (or all science off)
MT-9  Data encoder to Data Mode 4, cruise
science off, start playback
X 0 Cy-1 Backup switching to radio

Columns 1 and 2 specify the conditions to give a telemetry event to counter 2.
An X in a column indicates a channel! 2 event, A ZERO indicates no channel 2
event. PARENTHESES around a command indicate a reset.
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Tahle 24. Contractors and major subcontracters

Name Responsibility
Contractors
General Dynamics/Astronautics Atias (purchased through the
San Diego, Calif. Space Systems Division of USAF
Systems Command)
Rocketdyne Atlas propulsion systems
Division of North American
Aviation, Inc.

Canoga Park, Calif.

General Electric Co. Atlas radio command guidance
Defense Electronics Division
Syracuse, N. Y.

Burroughs Corporation Ground guidance computer
Defense, Space, & Special Systems Group

Paoli, Pa.

Lockheed Missiles and Space Co. (LMSC) Agena D (purchased directly by
Sunnyvale, Calif. Lewis Research Center)

Bell Aerosystems Co. Agena D propulsion system

Buffalo, New York

Jet Propulsion Laboratory Spacecraft
California Institute of Technology
Pasadena, Calif.

Major subcontractors

Advanced Structures Division Spacecraft high-gain antennas
Whittaker Corp.

La Mesa, Calif.

Airrite Products Midcourse propulsion fuel tanks,
Division of Electrada Corp. nitrogen tanks

Los Angeles, Calif,

Alpha-Tronics Corp. Data automation system
Monrovia, Calif. analog-to-pulse width converters
Anadite Co. Surface treatment of structural
Los Angeles, Calif. elements and chassis
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Jable 24. (Cont'd)

Responsibility

Major subcontractors

Anchor Plating Co.
El Monte, Calif.

Applied Development Corp.
Monterey Park, Calif.

Astrodata Inc.
Anaheim, Calif.

Barnes Engineering Co.
Stamford, Conn.

Bendix Corp.
Scintilla Division
Santa Ana, Calif.

Bergman Manufacturing Co.
San Rafael, Calif.

Cannon Electric Co.
Los Angeles, Calif.

CBS Laboratories

Division of Columbia Broadcasting
System, Inc.

Stamford, Conn.

Computer Control Co. Inc.
Framingham, Mass.

Correlated Data Systems Corp
Glendale, Calif.

Data-Tronix Corp.
King of Prussia, Pa.

Gold plating

Ground telemetry decommuta-
tors, printer programmers

Time code generator/transla-
tors, ground command read-
write-verify equipment,
encoder simulator, and space-
craft system test data system

Canopus star tracker electronics

Connectors

Chassis forgings

Connectors

Image dissector tubes for
Canopus star trackers

Real time data automation
system logic cards for scientific
instruments, operational sup-
port equipment, DAS voltage-
to-pulse-width converters

Spacecraft external power
source and solar panel simula-
tors, voltage controlled
oscillators

Voltage controtied oscillators
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Table 24. (Cont'd)

Responsibility

Major subcontractors

Delco Radio Division
General Motors Corp.
Kokomo, Ind.

Digital Equipment Corp.
Los Angeles, Calif.

Dunlap and Whitehead Manufacturing Co.
Van Nuys, Calif.

Dynamics Instrumentation Co.
Monterey Park, Calif.

The Electric Storage Battery Co.
Raleigh, N. C.

Electro-Optical Systems, inc.
Pasadena, Calif.

Electronic Memories, Inc.
Los Angeles, Calif.

Engineered Electronics Co.
Santa Ana, Calif.

Fargo Rubber Corp.
Los Angeles, Calif.

Farrand Optical
New York, N. Y.

Franklin Electronics, Inc.
Bridgeport, Pa.

General Dynamics Corp.
General Dynamics/Electronics
San Diego, Calif.

General Electrodynamics Corp.
Garland, Texas

Telemetry format simulators

Data automation system opera-
tional support data system

Midcourse propulsion and
structural elements

Ground telemetry consoles,
assembly of planetary scan
subsystem electronics

Spacecraft batteries

lonization chamber assemblies,
assembly and test of spacecraft
solar panels, modification and
test of spacecraft power system,
spacecraft assembly cables

Magnetic counter assemblies
for spacecraft central computer
and sequencer

Non-real time data automation
system

Midcourse propulsion fue! tank
bladders

Television optical systems

Ground telemetry high speed
digital printers

Assembly of television
subsystems

Vidicons and television tube
test set
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Table 24. (Cont'd)

Responsibility

Major subcontractors

-Grindley Manufacturing Co.
Los Angeles, Calif.

Hi-Shear Corp.
Torrance, Calif,

Hughes Aircraft Co.
Microwave Tube Division
Los Angeles, Calif.

IMC Magnetics Corp.
Westbury, N. Y.

International Data Systems, Inc.
Dallas, Texas

Kearfott Division
General Precision, Inc.
Los Angeles, Calif.

Lawrence Industries, Inc.
Burbank, Calif.

Lockheed Aircraft Service Co.
Division Lockheed Aircraft Corp.
Ontario, Calif.

Lockheed Electronics Co.
Division Lockheed Aircraft Corp.
Los Angeles, Calif.

Magnamill
Los Angeles, Calif.

Massachusetts Institute of Technlogy
Division of Sponsored Research
Cambridge, Mass.

Metal Bellows Corp.
Chatsworth, Calif.

Milbore Co.
Glendale, Calif.

Midcourse propulsion jet vanes,
fuel manifolds, oxidizer cart-
ridge shell, and supports

Squibs

Traveling wave tubes

Solar vane actuators

Ground command modulation
checker, telemetry power
supplies

Gyroscopes, jet vane actuators

Printed circuits

Spacecraft low-level positioners

Solar cell modules and mag-
netic shift register for central
computer and sequencer

Structural elements and chassis

Solar plasma probes

Midcourse propulsion oxidizer
beliows assembly

Midcourse propulsion engine
components
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Table 24. (Cont’'d)

Responsibility

Major subcontractors

Mincom Division
Minnesota Mining and Manufacturing Co.
Camarillo, Calif.

Motorola, Inc.
Military Electronics Division
Scottsdale, Arizona

Nortronics
A Division of Northrop Corp.
Palos Verdes Estates, Calif.

Philco Corp.
Palo Alto, Calif.

Proto Spec
Pasadena, Calif.

Pyronetics, Inc.
Santa Fe Springs, Calif.

Rantec Corp.
Calabasas, Calif.

Raymond Engineering Laboratory, Inc.
Middletown, Conn.

Ryan Aeronautical Co.
Aerospace Division
San Diego, Calif.

Siemens and Halske AG
Munich, West Germany

Space Technology Laboratories
Et Segundo, Calif.

Sperry Utah Co.
A Division of Sperry Rand Corp.
Salt Lake City, Utah

Ground telemetry tape recorders

Spacecraft transponders, com-
mand systems and associated
operational support equipment,
and DSIF equivalent operational
support equipment

Development and support of
attitude control electronics

Integrated circuit sequence
generator system, spacecraft
antenna feeds and spacecraft
antenna subsystem tests

Chassis and subchassis

Midcourse propulsion system
explosive actuated valves

S-band circulator switches,
pre-selection and band rejection
filters

Spacecraft video storage tape
recorder

Spacecraft solar panel structure

RF amplifier tubes

Spacecraft central computer
and sequencer and associated
operational support equipment

Magnetometer mapping fixture
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Table 24. (Cont'd)

Responsibility

Major subcontractors

State University of lowa
lowa City, lowa

Sterer Engineering and Manufacturing Co.

North Hollywood, Calif.

Texas Instruments, Inc.
Apparatus Division
Dallas, Texas

Textron Electronics, Inc.
Heliotek Division
Sylmar, Calif.

Thompson Ramo Wooldridge, Inc.

Redondo Beach, Calif.

Univac
Division of Sperry Rand Corp.
St. Paul, Minn.

The University of Chicago
Chicago, Il

WEMS, Inc.
Hawthorne, Calif.

Wyman Gordon Corp.
Los Angeles, Calif.

Trapped radiation detectors

Valves and regulators for
attitude control gas system

Spacecraft video storage sub-
system electronics, spacecraft
data encoders and associated
operational support equipment,
helium magnetometers, attitude
control gyro electronics assem-
blies, data demodulators

Silicon photovoltaic solar cells

Thermal control louvers, and
power converters

Spacecraft data automation
system buffer memory

Spacecraft cosmic ray telescopes

Spacecraft television electronics
modules, spacecraft attitude
controt electronic modules

Spacecraft structural forgings

in addition to these subcontractors, there were over 1,000 individual firms con-

tributing to Mariner.
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{a) TOP VIEW

LOW-GAIN ANTENNA:
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+PITCH
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. \@ BAY I POWER
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OENCODER AND i PROPULSION SYSTEM
COMMAND SUENTIFIC EQUIPMENT AND
ROLL AND YAW DATA AUTOMATION
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(b) BOTTOM VIEW
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SENSOR SOLAR
PRESSURE

SOLAR PANEL DAMPER  YANE
ARD PIN PULLER

COSMIC RAY
TELESCOPE

SOLAR PRESSER
VANE ACTUATOR

AND BATTERY
CANOPUS SENSOR

PITCH GAS JETS

BAY%A RF! ATIONS
S%D A%E MACHINE
SQUARE-ROOT SUN
SENSOR (SECONDARY)

BAY YII ATTITUDE CONTROL
AND CC8S
TV CAMERA

IDE-ANGLE ACQUISITION LENS
8AY MI RF COMMUNICATIONS

Fig. 1. Mariner Mars 1964 spacecraft: (a) Top view, (b} Bottom view
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SQUARE -ROOT SUN
SENSOR (PRIMARY )

RF COMMUNICATIONS

EARTH DETECTOR

ATTITUDE CONTROL AND CC & S
BAY ¥II

BAY Y

BAY Y1
LOW-GAIN
ANTENNA 0
ION F
CHAMBER .
w

58 o
EE b
—0P-»

EO L4

Sy @

s

82 O
&qi E 0

D

"\ POWER REGULATOR
1 AND BATTERY

>

+ PITCH

BAYI
POWER

PROPULSION
Lo~ SUBSYSTEM

SHIELD

SOLAR PANEL OPEN e

DAMPER (CRUISE)

BAY I

DATA ENCODER D
AND COMMAND

= O

SEPARATION
INITATED TIMER

CANOPUS SENSOR

QO

BAY M
SCIENTIFIC EQUIPMENT AND
DATA AUTOMATION
|
BAY ¥II

———%

SEPARATION
SPRING PAD

BAY I

SQUARE -ROOT SUN
SENSOR (PRIMARY)

"L

SQUARE -ROOT
SUN SENSOR

SUN GATE DETECTOR

G

U0 (SECONDARY)

BAY XI

QR SEPARATION LINEAR

POTENTIOMETER

AanG PLUNGER
AN A F
qr 3
-z _|: — I |_ H
+X—Z ] % ——X
7 )
l deg SCAN (J
OPERATING, Q_ D
RANGE ¥e
INFLIGHT
DISCONNECT
BAY I
EIR / LOWER THERMAL
3 S SHIELD
19 deg(STOWED / € Y o———F D
POSITION) BAY I
SQUARE-ROOT COSMIC RAY
SUN SENSOR + YAW TELESCOPE
(SECONDARY)

Fig. 2. Spacecraft mechanical configuration: (c) top and bottom views
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VIEW LOOKING FROM
SUN AT ANTENNA
SIDE OF OCTAGON

JET AX (+) cw (FAR SIDE)
(=)} ccw (NEAR SIDE)

JET BY (4+) cw (NEAR SIDE)
(=) cw (FAR SIDE)

L —YAW =Y AXIS

CANOPUS SENSOR

JET AY (4) cw (FAR SIDE)
(=) ccw (NEAR SIDE)

JET BZ () cow /

JET AZ (4) cw

-

L PITCH —X AXIS

/LPITCH +X AXIS

JET BZ (+) cw

JET AZ (=) cew

I™S— YaW +Y AXIS

JET BX (+) cw {NEAR SIDE)
(=) ccw (FAR SIDE)

Fig. 3. Attitude control gas jet configuration




=X AXIS .
124 deg CLOCK

+Y AXIS
214 deg CLOCK

=Y AXIS

CANOPUS
34 deg CLOCK

TRACKER

34 deg

—~—]
+CLOCK
ANGLE o

O deg
CANOPUS

{a) CLOCK ANGLE

_:m\ | spacecraFT
SUN
CANOPUS
CONE
ANGLE
CANOPUS
EARTH
EARTH
SUN CONE
Qs ANGLE
:§R\ | SPACECRAFT

(b) CONE ANGLE

Fig. 4. Clock- and cone-angle descriptive diagram: (a) Clock angle,

(b) Cone angle
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NARROW-ANGLE MARS GATE
237.89 deg

TELEVISION CAMERA
AT ENCOUNTER TELEVISION
178.45 deg CAMERA
23779 deg

SCAN PLATFORM
238.03 deg

PLATFORM
SCAN LIMITS

80 deg SENSOR

23879 deg

O~ deg CLOCK ANGLE

Fig. 5. Planetary scan platform relative look angles, shown with
platform in pinned position
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RELATIVE POWER ONE WAY, db

T T T

(a) MAJOR PATTERN
AXIS \

A

10 /
20

30

N /TN

40

T I
(b) MINOR PATTERN
AXIS

30

40

L V\”\

30 24 18 12 6 0 6 12 18 24
ROTATION ANGLE, deg

Fig. 7. High-gain antenna beamwidths: (a) Major pattern axis,
{b) Minor pattern axis
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LAUNCH MT-I
1,28 NOV 1964 o 27 FEBI965

4 95.7deg

TN

i

MT-2 MT-3
2 APR 1965 7 MAY 1965

91.| deg ' 86.5 deg

i

MT-4 DC-17
14 JUNE 1965 27 AUG 1965

82.0 deg 774 deg

d

1o T !
............ - — PULL~-IN ANGLE
/‘ T --- DROP-OUT ANGLE
100 ™,
o PRESET | N
o S s = —
s MT=1 | N
uf 90 ===
2 MT-2 H
2 MT-3 \\ -------
w  go
z MT-4]
s | ! | | | =
OPT-|
70

60
28 NOV 3IDEC SFEB 2IMAR 30APR 9JUN I9JUL 2B AUG 70CT
DATE, 1964 —1965

Fig. 8. Canopus cone angle update diagram
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280 T T T T Y
- THERMOMETER No. CHANNEL 413
260 /- 1 ALUMINUM SILICONE |
“ PAINT
\{ PREDICTION BASED ON
240 7 LABORATORY SURFACE
°°N PROPERTY MEASUREMENTS;
w 220 I DOES NOT INCLUDE LOSSES
s 2\ o ACTUAL
w — PREDICTED
5 200 g I,
-
=
w 180 ° N
-3 a \
w
" 0 AN
2 N
140
o \
4
|2c M —
100! | J { 1 1 ! ! 1 |
8 18 28| 'I7276l5ﬁ( 1828 7 17T27] 7 17 27({ 6 16 26{ 6 i6 26
DEC JAN FEB MAR APR MAY JUNE JULY

DATE, 1964 -1965

Fig. 12. Absorptivity standard: aluminum silicone sampte temperature history

240 //—THIERMOEIAETER' No.
o [o]
220 ;
o CHANNEL 433
200 2 o POLISHED ALUMINUM |
3 WITH ARF-2
o CONTROL STRIPE
180 2
[e
w \ 3
« '60[-PREDICTION
& BASED ON \ 2 O
5 140} LABORATORY SURFACE Ne
5 PROPERTY MEASUREMENTS \
[ DOES NOT INCLUDE LOSSE NG o
g 20 4
- \\
P

100 \\

80 —

60

40 I 1 ! 1 i 1 1 1
8 ls‘u'?‘ 7 I727|GI:26 3 |82ﬂ7 1727 I727l8 16 26| 6 16 26
DEC JAN FEB MAR APR MAY JUNE 1 JULY

DATE, 1964-1965

Fig. 13. Absorptivity standard: polished aluminum sample temperature history
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TEMPERATURE, °F

TEMPERATURE, °F
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140[°~ O—— v T T T v
I I o j~—THERMOMETER No. CHANNEL 412
120 270 ARF-2 WHITE PAINT
T 3 WITH CAT-A-LAC
\ i9 BLACK CONTROL
100] ™ 2 STRIPE
PREDICTION \] 3 0 l
gol BASEDON I\ ' o I
LABORATORY | N 27g o ACTUAL
SURFACE — PREDICTED
60 MEASUREMENTS; DOES
NOT INCLUDE LOSSES \ 2
40 ‘\
\
20
R
[o] NI L L 1 Il 1 1
'8 1828] 7 17 27|6 ISZJG-I—B 8287 1727|717 27‘6 ISJ‘Zgl_'SlGZG
DEC JAN FEB MAR APR MAY JUNE JuLy

DATE, 1964-1965

Fig. 10. Absorptivity standard: white sample temperature history

300 [ | T T T T
THERMOMETER No. CHANNEL 432
280F /[ PR CAT-A-LAC BLACK PAINT
PREDICTION BASED ON
260 \ LABORATORY SURFACE
3' \ PROPERTY MEASUREMENTS;
1% DOES NOT INCLUDE LOSSES
240 2 N
3 \ 0 ACTUAL
o —— PREDICTED
220 1 ED
(o]
20 \
200 3 1 ™
CALIBRATION _| \
HIFT
180 SHI o) N
4 N
160 5 \
4 \
140 ~—
12041 ) 1 ! i 111 1 1 )
818 8|7 1727 snsisf" 5 1828 7 1727 7 17 27] 6 16 26 6 16 26
DEC JAN FEB MAR APR MAY JUNE JULY

DATE, 1964-1965

Fig. 11. Absorptivity standard: black sample temperature history
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WITH CRUISE CALIB ON

1-X000) ION CHAMBER~26 END OF
! °°L° (2-X018) ON C MOOE 2
TELEMETRY CHANNEL ASSIGNMENT IF 918 (10-X403) TOTAL COUNT |
(10-X400) TIME TO PULSE
ASIC MEASUREMENT GROUP (10-X402) TOTAL COUNT |
DAS - 20 [ok l
(33-X0O9) DAS PWR VOLTS SPARE O—— |
{30-X008) DAS IND (6 -xnul)cosmc ousr READ
AND UV CHAN SELECT © T
tag noo7) CALIS SEQ IND cosmc nusr CAL |
ND MAG 16N BACKUP EVERY 128 FRAMES O——
WHEN ¢ CaL 0ccu i
(29._XO0BICALID SEQ IND COSMIC RAY CAL STARTS o, |

(27-X00B) NRT PWR ON IND

{28~X802) NAMG PIV "(" FOR PIV

o—
126-X503) SCAN PiV "0" FOR PIV O—
O

{24-X004) CALIS SEQ IND No. 2 MAG CAL o

INDICATOR SAME AS CRUISE CALIB

(18-X003) CALIS SEQ IND No. [ CRUISE CALIS
INDICATOR 24 FRAMES EACH 28 2/3 HOURS

o—
(8 -X002) OVERFLOW IND MEAS No (7} O———mm—
(4-X001) DAS SERIAL No. Ow
(3-XO17) NARROW L ACQ
(2-X018) WIDE L ACQ
{1-X000) PN SEQ SYNC E)-—-l

01T aroup TotaL —e{n]]

0[ (39 15 278-280 (3) BITS

81T GROUP COUNT =il

$)-60

118

a3 woRD —(i[ & [nle wfy]
i Tl o
o s

39(38[28] 271-280

|

[

COSMIC DUST DETECTOR-24

(18-X200) TOTAL COUNTS CUM DURING MISSION O

(18-X202) MIT LOCATION (1) O~
(18— X203) NIT LOCATION (2) O
(18-X204) PHA O-

{I13-X20t) PENETRATION O 3
I
3 }
3]

ION CHAMBER -26
(7 -X400) 103/ GM TUBE | AND 5 O-

00D/EVEN
CORRELATION

000 | DETERMINED

FROM DATA
EVALUATION

E
TR

RESET
ON
READOUT

TRAPPED RADIATION-25

{7-X300}213 GM TUBE 70° UNSHIELOED (B)-2 AND & O

\hk.“

1P (27) 18 —J

ole

IF (30} 18

(7-X301} LOW ENERGY oO—

L ]
Ta3[33]
}

(7-X302) Night ENERSY PN ' 2) O——

(7-X303)213 6M TUBE AT 135° UNSMIEL DED (A} O

(7-X304)2130M TUBE AT 70° SHIELDED(C} O]

Fig. 17. Data automation system real-time science telemetry format



END OF DAS-20
wooe 3 SCAN -31
| TV-36
¢
(391000 1 © ACTUATOR CASE (BEANING) PRESSURE
O (48-X507}SCAN SENSOR TEMPERATURE
4 (38-XO0I0) DAS FRAME COUNT, MS® IS 81T 120
| (39-XO11) DAS FRAME COUNT LEAST 3 BITS
I T -0 (31-X304} SCAN POS. (81-X5t0) CW:0
4 —0 SCAN EXCITATION
] TV 81 vOLTS
} O (47-X506} SCAN CAL.
4 O {49-X012) NRT PN SEQ

O (50-X901) TV SIGNAL LEVEL

O {51-X5086) SCAN TR

-0 {52-X902) TV SHUTTER TIME 1™ FOR LONG EXP

O {33-X903)} VIDEO LEVEL

O (34-X908) GAIN STEP COUNT

O (8! TV PIV “0" FOR PIV
O {56-X905) TV FILTER "I" FOR GREEN

O (87-X908) (NHIBIT SCAN

~——Q (58-X0i3) TV FRAME AND END OF TAPE

5

—O {59-X907) TAPE START/STOP

MAGNETOMETER 33

xmz)mz(-v—xvoexzz X70BN36-X711} 45-X714}

% (|z X701} W

1 (25—x804)° ! STEP I0 8ITS BEFORE
46-X604) " EAGH READOUT WORD
I {37-x603)
23-X602)

[(14-xe01)

o

) (11 noo)un:(|7—x1osxzo-lmx!4-xm(as»xnz)
PLASMA PROBE-32

° (2601) THRU (2664) ENERSY LEVELS | THRY 64
o (2663) THRU (2672) CALIB SEQ, MARKER AND RESET
° (2673) THRU (2 736) ENERQY LEVEL 83 THRU 128

(2737)THRU (2 744) CALI® SEQ, MARKER AND RESET

ULTRAVIOLET PHOTOMETERS-34

O (37-X803)UV-A

———() (36-X802) UV-C

—O (38-X801) UV-A

O (34-x800)UV-8

COSMIC RAY TELESCOPE-2I

X100)(32-X107 )(41-X114} PHA, I (F DI, DR
X )C) O, 02, 03, EVENTS

—0
—Q (8-X102)}( (8101, D2, O3, EVENTS

—-O (8-XI031{ 117 XA} FOUR 1, D2, 03, EVENTS

) (8- XIOl)(JZ XI11)(41-X18) EVENT RATE DI, 52
O (8-X105)( EVENT RATE 01,02, 03
— S xloc)(sz— 120) EVENT RATE O} D2, B3




FORMAT
DESIGNA-
TION

REAL-TIME
DATA

31 bits
4 bits
3 bits
9 bits
3 bits
1 bit

10 bits

1200 bits
1261 bits

172

A

e

| 50.4 sec RT FRAME |
AT 8-1/3 bps
N CRUSE_DATARRN NN
—
. ENCOUNTER
280 bits [@— DATA
—»l 140 |@—

PN sequence
NRT frame count

Subframe count

Line number
TV AAC 1, 2, 3, or filter position, shutter time and ZERO
{sub-commutated every other line)
Real-time data
TV performance data: signal level and G1 voltage {sub-
commutated every other line)
TV picture data, 200 elements

Total load

Total number of bits for 24 sec:
1261 x 200 = 252,200 bits/block
or 504,400 bits/NRT frame

Fig. 18. Data automation system encounter timing

During the 24 sec of each TV block, the buffers A and B are alternately
loaded and dumped into the tape machine. Every 120 msec, the following
data are loaded into one of the buffers:



During the 24 sec of the RT1 block, only buffer A is loaded as follows:

80 bits Tape servo bits
31 bits PN sequence
4 bits NRT frame count

3 bits Subframe count
9 bits Line number
3 bits Spare

200 bits Real-time data
330 bits Total/NRT frame

During the 72 sec of the RT2 block, only buffer B is loaded as follows:

80 bits Tape servo bits
31 bits PN sequence
4 bits NRT frame count

3 bits Subframe count
9 bits Line number
3 bits Spare

600 bits Real-time data
730 bits Total /NRT frame

The total number of bits recorded on the tape machine is variable, depend-
ing on the accuracy and stability of the 10.7-kc bit synchronization clock;
at 10.7 kc. 1284 bits are recorded on the tape machine each time a buffer
is read out. The nominal total number of bits recorded on the tape machine
during each 144 sec frame is then:

2TV Blocks 513,600 of which 504,400 are significant
RT1 Block 1,284 of which 330 are significant
RT2 Block 1,284 of which 730 are significant

516,168 total bits recorded
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Fig. 20. Locations of photographed portions of Martian surface

175




. uoneynwwod Anjaweje} Japodud eyeq "1 34

el 61 378V 335
4 EZ) 998 oao.o__?_e 2619950252 a_eweosownm_?.s ¥i) 993 0¥8) “yon | ¢ ‘SLNINNOISSY TINNVHO 804 :31ON
(U &1) 998 OHOG|(UM 1) 298 092I| (VR B2) 298 089I|(Um L) 39S02H| MO AINO muzm.om @07 u%o.#:h uu_m wum
3 " = >
..__Ew.w 48382_,“_.mv.§w~_ Eeum.e 91891 H”om.«. a3W 2] —35Na5s T E TR E ST 2 HOLINON HOLD3130 ONVANOD **
4% Exd g9l 0z |HOM] I ONY ONRSIINIONS | HONNYT (SINC 21907 L) QHOM INAS X030 *
399¢/1-8 | sdae/i-¢c | 9dqg/-8 | sdae/i-¢¢ | vy ATINO ONINI3NIONI | 3SHNOOAIN | |
Z 300M V1va 1 300N V1va %230
S31aNVS NIIML38 INIL AHLINITIL 3SYHd _|30ON
1
X0t
%530
60¢ | 80¢ | 20¢ | 90¢ [ so¢ [ vos | £0¢ | 20¢€ | 108 |ooe 602 | 802| 202 | 902| 502 | v02 | £02 [ 20Z [ 10¢ 0L
TMOT) € 31VH OF %930 WOIOIN) ¢ ILVY 02X
INAS
PREN
eiv|eiw]| uiv | 9w sip | wivlciv]2iv] 11t | 01w |sov |80v| L0 90¥| SO vOv SOV 200|100 OOF
(MO1-MOT) £ 31V 1 %030 (MOT-M01) & 3Lvd Ob %03a
scv|scr|iev|oev|sevlven|cev|2en | icv |ocr |620 | 82p| 22| 920| s2v| ver|sev|22Y| 12v] 02P ]
{MO1-MO1) € J1VY ‘€ %030 [MO1-MO) £ 31vd 2b %530
XEv X2H |X1¥ XOb
%030 | %930
622|822 | 122 | 922 |sz2 |vez|e2e|zze] 122|022 [T [e12]ei2| 212|912 |Si2|vIz | €12 [ 212 i 012
(WNIG3N) 2 31VY 22 H03d] [ARIGIN) 2 3178 T2
]
(IN3VAIND3 SOHOM XezZ Xiz [ X02Z
ONINIINIONI Ob) vivQ IONIIOS X230 %030[%230
40 S118 082 3uv 3u3nL 2 300w viva ni| 11| sii] it} en] s v en [ @n| i [on]eor| 8ol | 201|901 | Soi hyrot] £O1 [201 | 101 [40O!I
Vivd 03LIVAE03 JON3IDS FOIR) T 31V T W030] QUOM/SLIE Z 1V SGHOM ONF O (HOIH)T 31vH Ol %230

176




60.0
40.0

20.0

10.0

o @
o ©

s
(=)

2.0

1.0

0.6

NUMBER OF MEASUREMENTS, x0€

0.4

0.2

0.1

T T T T
TOTAL MI!EASUREiMENTS /7//
SCIENCE
MEASUREMENTS —| \/
b L
/ /—
] "] .
[/ A ,
y u
/ Nl encineerine
/ / MEASUREMENTS
v, N—SYNC INDENTIFICATION ~ |
AND STATUS
/ ~t
/i Il
PICTURE AND
STORED
DATA
|
;964<—L—-|965
] 3¢ 73 113 153 193 233 273

DAY OF FLIGHT

Fig. 22. Quantity of telemetry measurements vs time

177



5
-
I
o
I 1 —{=2 %
- w
o [=]
o S
S fa—————— 29 DAYS ———= 5
10.2F —o
{1 o
=
J32 &
1 ¢
1.8
I 1 1t [ il ) | — 64 o
2 3 10 20 30 10
NOV 4 DEC 3
DATE, 1964
Fig. 23. C. ws launch period
-240 St T B IR B
-200 - —‘
) MT-7
-
. LOPE =-0, 9
€ -160 § o’fTo_og" % R
['4 N
@ SLOPE = -0,00096 %
x MT-3
Q
9 -120
(8]
2 MT-2— SLOPE=-000092 %
; -80 SLOPE = —0.00091 %
=
3 SLOPE = —0.00085 %
Q
T o SLOPE = — 000082 % ]
- T T
MT-6— SLOPE=-000076 %
sxl_ope=—o.ooo72 %

[
28NOV 3IDEC 9 FEB 21 MAR 30 APR S JUN 1I9JUL  28AUG TOCT
DATE, 1964 - 1965

Fig. 24. Central computer and sequencer clock frequency error vs time error

178



55

50 el

¢
ocPooo(

45 %90

P00
0o00g

40

ATTITUDE CONTROL GAS WEIGHT; |b

35

28NOV 3l DEC 9 FEB 2 MAR 30 APR 9 JUN 19 JuL 28AUG T7OCT
DATE, 1964-1965

Fig. 25. Attitude control gas weight vs time

~1o0 —— PREDICTED

o ACTUAL
. "« TOLERANCE

-0

120 %y : ~HIGH GAIN |

TN
SN

28NOV 31DEC 9 FEB 2IMAR 30 APR * '9 JUN 19 JUL 28 AUG
DATE, 1964~1965

-150

SPACECRAFT RECEIVED CARRIER POWER, dbm
%o

Fig. 26. Received carrier power vs time, showing interferometer effect

179




T T
— CAPABILITY

\ O POWER CONSUMED
” \\

POWER, w

450 \
~—_|
300 — —
TWT ON BATTERY CHARGER OFF \E:COUNTER
pOD00 ochn:oo
150

o
28NOV 31 DEC 9 FEB 2| MAR 30 APR 9 JUN 19 WL 28AUG 7 OCT
DATE, 1964 - 1965

Fig. 27. Solar panel power capability vs time

160 — NOMINAL
« O FLIGHT DATA 460 Flg. 28. snlar
120 b
g Joo panel
=
3 0 g temperature
] D\"‘oﬁ {20 § N
z o 1 vs time
B 40 w
oy 10
o 000
o 40 80 120 160 200 240 280 320
TIME FROM LAUNCH, days
R S U S W U U S
Serheold8bcnrbheol@ee«dx
o o > %X Z 2 J v o a
§#33P§If§5333385%

DATE, (964 -1965

500
| TN Fig. 29. Solar
~ 400 » .
£ \ intensity
5. 300 vs time
= N
2 ™~
W 200
g
§ 100
3

oanwsmﬂ: 9 FEB 201MAR 30 APR 9 WUN 19JUL 28 AUG TOCT

DATE, 1964 - 1965

180



3
= = o =
.8 =8 o = -l 2
S £ 285 g . '3 £ 8 o S o
« 2 . [
® 8 E & S » S E msE > s E
.2 5 B = a2 e & a.= o~ 2 E
By = . - - v =
- e £ o » e © v = E o0 E
- 2 o & > = = oM g © e g own
W B »» E = > [reg =y
2 ‘3MNIVHINIL 8 8
o e g 8 - ~¥2 43§
« Q o T ) v ° ¥ 190 o 3 b a3s
T T T T T u - N
m H 2 - v d3S ~
-1¥2 d3S
( ° - s onv 190w
@ v d3s L o °
o - —492 nr
{51 00w i 3 sz e &
g sz e T <4900 4 9 ne
[} ” (=3
% ERERU mﬁxw_zzﬂ S 2 ootnor
Qo . o o
['23
o &1 z%% x‘ d.-&»qzs S ez aom
o Z J2 AW T \‘ 3 © ° .w
o by 82 Jiam 2 22 Ham
8 {1 g 3 T ®35
m\ W H4 4 ¥dV ] - i} Hav % A 41 8dV
o & g o = = o =
8 82 yvw & 25 ez uwm 8 S Jezuww
Sy s 9 w 89
x( W ; 8 UVW L M W
\n\ = w 1 8¥m O w ] BHWN
g 49833 = =
@ S F 9834 S - 98
\o\o\ {2 Nwr N
v =] 4 4 Nor 22 Nvr 422 N
4 81 230 .\ 4 4 & Nwr Q 4 2 nwr
[«] J
Q o o ) o o 82 AoN 81 03a - 81330
d B2 AON ° J82 AoN
4 ‘3¥NLVNIANIL g R 3 3 e ] 2 2 8 g

do ‘JMNLVYIJWIL Jo 'JUNLYNIIWIL

181

DATE, 1964 - 1965




aduel sa sjoedw jsnp alwso) g€ 314

NV ‘39NVY JIHAN3O0IT3H

91 Sl |4l €l 2| Il 1]
I
H3LNNOION3
«-| SHVIN
NOIN3HdY

I

1NNOD TTVAY3LNI
13340810 —o

ol

Sl

‘S1OVdWI

SIVAYILNI AVQ-S H3d

182




aly Sa 24e auI0NAY Buoje pajaesy adueysiq ‘vE ‘314

G961- 961 ‘3Lva

100 d3s onv ane NP AVN ddv YW 834 NVP 930 AON
Il vevl & G2 GI & 92 91 9 92 91 9 J2 L L J2 L L 82 8 8 92 91 9 J2 L L 8 8 882
T T T T T T T T T T T T T T T
P
\ é
]
\\
L
\ 7
\\

0
og

09
06
oel
o]
08I
o2
ov2
0oLe

oge

oeg
s

90l X 1w ‘a3713AVYL FONVLSIQ ¥V

183



POST ENCOUNTER PRE-ENCOUNTER
TRAJECTORY TRAJECTORY

MARINER I ON
SEPT 2, 1967

Fig. 35. Pre- and post-encounter trajectory, ecliptic view
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Fig. 46. Canopus cone angle, 1965-1968




